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umfangreiche Tatigkeit auf dem Gebiet der Geodasie aus und er unternahm 
verschiedene Reisen innerhalb des russischen Reiches zur Bestimmung von 
Fixpunkten usw. Der Anstoss zur russisch-schwedischen Gradmessung auf 
Spitzbergen 1899-1902 ging von ihm aus und er war in Person der Leiter 
der russischen Teilexpedition, an welcher der Sohn HEtce als junger Stu- 
dent teilnahm. Er war in engem Kontakt mit Professor Huco GYLDEN am 
Observatorium zu Stockholm, der friiher in Pulkova gewirkt hatte. Die wis- 
senschaftliche Produktion Oskar BaCKLUND’s umfasst etwa go Arbeiten. 


Jugendjahre und die erste Zeit in Russland 


Wie aus dem oben Gesagten hervorgeht, hatte der Vater, der Astronom 
BACKLUND, gute Verbindungen mit dem Mutterland Schweden, und sein 
Wunsch war, dass die Kinder soweit als méglich in schwedischem Milieu 
ihre Erziehung durchmachen sollten. Der junge HELGE BacKLUND besuchte 
somit wahrend der Jahre 1887-1889 einige Klassen der Realschule an der 
Hoheren 6ffentlichen Mittelschule in Strangnaés, von wo seine Mutter, UL- 
RIKA WIDEBECK, gebtirtig war und wo er zahlreiche Familienbande hatte. 
Sein Grossvater miitterlicherseits, Isak SAMUEL WIDEBECK, war Propst an 
der dortigen Domkirche gewesen, und sein miitterlicher Onkel Aucust WIDE- 
BECK war Lehrer an der Mittelschule von Strangnas. Die grundlegenden Stu- 
dien wurden durch die Reifeprifung an der Mittelschule der deutschen 
Katarina-Kultusgemeinde in St. Petersburg im Jahre 1897 abgeschlossen. 
An dieser Mittelschule wurde der Unterricht in mehreren Sprachen erteilt, 
so dass die sprachliche Ausbildung der Schiiler umfassend und gut wurde. 
HELGE BaCKLUND beherrschte daher ausser der schwedischen die deutsche, 
russische, franzdsische und englische Sprache, sowie nach seinem Aufenthalt 
in Argentinien auch die spanische. Im selben Jahre inskribierte er sich an 
der St. Petersburger Universitat und wurde cand. rer. nat. 1902, magi- 
strant min. et geogn. 1908. 1914 disputierte er fiir den mag. min. et geogn. 
Wahrend der Jahre 1902-1905 arbeitete als ausserordentlicher Assistent am 
geologischen Institut der St. Petersburger Universitat und betrieb 1906- 
1907 Spezialstudien an der Wiener Universitat unter Professor F. BEcKE. 
Auch besuchte er studienhalber Professor H. RosensBuscH in Heidelberg. 
Danach war er 1908-1911 vikartierender Kustos am mineralogisch-geolo- 
gischen Museum der Akademie der Wissenschaften in St. Petersburg und 
spater, 1912-1917, Chefkustos ebendort. Vom 1. Januar 1912 bis zum 31. 
Mai 1913 war BACKLUND von dieser Anstellung beurlaubt, um als Staats- 
geologe in Argentinien zu wirken. — Bei der Besetzung der Professur fiir 
Mineralogie an der Stockholmer Hochshule wurde er 1914 von den Sach- 
verstandigen an zweite Stelle gesetzt. 

Wie schon oben erwahnt, nahm BacKLUND in den Jahren 1899-1901 als 
Extrageologe und Assistent Professor ''SCHERNYSCHEW’S an der schwedisch- 
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russischen Gradmessungsexpedition nach Spitzbergen teil. Die dort gemachten 
Beobachtungen hat er unter anderem in seinen frithesten publizierten Ar- 
beiten ,,Les diabases du Spitzberg oriental‘ und ,,Observations dans le Spitz- 
berg central‘ veroffentlicht. Als eine Kuriositat im Zusammenhang mit diesen 
Reisen kann angefiihrt werden, dass er bei der Besteigung eines Berggipfels 
auf Spitzbergen dort ein Maximum- und Minimumthermometer vergass, das 
mehrere Jahrzehnte spater von dem bekannten Alpinisten ODELL in unbescha- 
digtem Zustand gefunden wurde. 

Wahrend der Sommer 1902 und 1903 war BacKLUND als Extrageologe 
bei den Nosetschen Anlagen in Baku tatig, wo er die naphthahaltigen 
tertiaren Sedimente der Apscheron-Halbinsel sowie die Deltaablagerungen 
des Flusses Kura an der persischen Grenze kartierte. Wahrend der Jahre 
1904-1905 machte er Forschungsreisen nach dem nérdlichen Sibirien, zum 
Teil zusammen mit J. TotmatscHew. Uber diese Gebiete wusste man da- 
mals sehr wenig. Die existierenden Karten waren sehr schematisch und die 
Auffasung tiber die herrschenden geologischen Verhiltnisse war auf ver- 
einzelte Handstiicke in musealen Sammlungen begriindet. Es handelte sich um 
die Erforschung der Nordspitze Sibiriens mit den Insel Taimyr und Kap 
Tscheljuskin sowie des Landes zwischen den Unterlaufen der Fliisse Jenis- 
sei und Katanga, tiber welche noch zu Beginne des 20. Jahrhunderts wenig 
bekant war, obwohl dort Nomaden lebten, die sich mit Jagd, Fischen und 
dem Sammeln von Mammutelfenbein versorgten. Fir die Ausntitzung der 
Naturschatze in der Form von Steinkohle und Salz an der Katanga-Bucht 
hatten diese Jagervolker kein Verstandnis. Die geologischen Resultate dieser 
und zweier spaterer Expeditionen sind in einer Reihe von Schriften, teil- 
weise in russischer Sprache, niedergelegt. Zwei von diesen mogen genannt 
werden: eine vom Jahre 1g10, die von den Diabasen der Kuschkin-Insel 
handelt, und eine infolge der russischen Revolution erst 1929 gedruckte, 
liber die Urgesteine der Taimyr-Halbinsel. Eine Zusammenfassung des In- 
halts dieser zweiten Arbeit wurde jedoch 1918 in den Abhandlungen der 
Geologischen Vereinigung von Stockholm gedruckt. Die letztgenannte Ar- 
beit griindet sich auf Material, das von den Expeditionen des Forschungs- 
reisenden Baron E. von ToLt und von einer hydrographischen Expedition 
1913-1915 gesammelt worden war. 

Im Jahre 1909 machte BACKLUND mit einer Expedition eine Reise nach den 
nordlichen Teilen des Ural am Kara-Meer. Die Resultate dieser Expedition 
sowie eine petrographische Monographie tiber die Gesteine im Ostabhang 
des nérdlichsten Ural wurden 1911-1912 publiziert. Eine Fortsetzung der Be- 
schreibung der geologischen Verhaltnisse des Gebietes zusammen mit einer geo- 
logischen Beschreibung der Nordkiiste Sibiriens findet sich in der 1918 ver6ffent- 
lichten Schrift iiber die Gesteine der Taimyr-Halbinsel sowie in einem Aufsatz 
von 1929 tiber die spat-paldozoische Vereisung auf der nérdlichen Hemisphare. 
Im Jahre 1909 veréffentlichte BACKLUND seine wichtige Arbeit ,,Uber die 


* — 593279 Bull. of Geol. Vol. XXXVIII 


IV ERIK AHMAN 


Olivingruppe“. Sie enthalt unter anderem ein Diagramm tber den Zusam- 
menhang zwischen optischen Eigenschaften und chemischer Zusammensetzung 
der Olivine, das heute noch von gros’sem Wert ist. Im folgenden Jahr,1g10, 
nahm er am XI. Internationalen Geologen-Kongress in Stockholm und an 
dessen Exkursionen im nérdlichen und siidlichen Schweden teil. Wahrend 
der Arbeit mit dem Kongress wirkte er als Sekretar einer Sektion. Im Friih- 
jahr 1911 war er als Erddlgeologe im Fergana-Tal in Turkestan an der 
chinesischen Grenze tatig und studierte auch die jiingeren Effusiv- und die 
alteren Tiefengesteine der Alai-Kette. Im Sommer desselben Jahres nahm 
er an einer von Professor J. J. SEDERHOLM nach Siidfinnland angeordneten 
Exkursion teil. Der Kontakt mit Sederholm wurde fiir seine Ansichten tiber 
die kristallinen Gesteine, besonders die Tiefengesteine, von ausschlaggeben- 
der Bedeutung. BACKLUND nahm spater SEDERHOLM’s Ansicht Uber die finn- 
landischen Urgesteine und seine Theorie tiber die Entstehungsweise der 
Granite auf. Im Herbst 1911 studierte er die Kupfervorkommen in der 
metamorphen Griinsteinserie des mittleren Ural. 


Als Staatsgeologe in Argentinien 


Wie schon oben erwahnt war BACKLUND wahrend der Jahre 1912-1913 von 
seinem Posten in St. Petersburg beurlaubt, da er damals als Staatsgeologe in 
Argentinien an der Seccién Geoldgica angestellt war. Letztere lag unter der 
Direccién general de Minas, die ihrerseits eine Abteilung des argentinischen 
Ackerbauministeriums, Ministerio de Agricultura de la Nacién, war. 

Das Personal der Seccién Geoldogica war zu dieser Zeit zum tiberwiegenden 
Teil deutsch und ihr Leiter war Dr. HANS KEIDEL, ein Spezialist fiir die Geo- 
logie Siidamerikas, den BACKLUND wiahrend des Internationalen Geologen-Kon- 
gresses in Stockholm getroffen hatte. Die Hauptaufgabe der Seccién Geoldgica 
war die geologische Kartierung des Landes und die Inventur des abbaubaren 
Mineralvorkommen. Wahrend der kurzen Zeit seiner Tatigkeit fand BACKLUND 
Gelegenheit zu mehreren Reisen in den argentinischen Kordilleren. Somit nahm 
er 1912 und zu Anfang 1913 an der geologischen Aufnahme des nérdlichen 
Teiles der Provinz Neuquén in Nordpatagonien und der Granitvorkommen 
im stidlichen Teil der Provinz Buenos Aires teil. Im Sommer des letztge- 
nannten Jahres unternahm er eine Reise durch Nordargentinien, Central- 
bolivien und Siidperu. In Nordargentinien wurden kontinentale Abrasionphano- 
mene und metamorphe palaozoische Gesteine studiert. In Bolivien wurden 
dort anstehende jiingere Eruptivgesteine und ihr Verhalten zu den Abrasions- 
flachen studiert, sowie die Erzvorkommen bei Oruru, La Paz und Araca und 
die Beziehungen der Erze zu jiingeren 'Tiefen- und Oberflichengesteinen. In 
Peru waren die Basalte und ihr Verhalten zu den ,,Anden‘‘-Graniten an 
der Kiiste Gegenstand des Studiums. Die geologische Arbeit wurde durch 
das Fehlen zuverlassiger topographischer Karten hochgradig erschwert. 
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Des weiteren instruierte BAcKLUND einen Argentinier, FRANCO Pastore, in 
der Gesteinsmikroskopie. Dieser Mann galt spiterhin als ein hervorragender 
Spezialist der Gesteinsbestimmung. Seine Beobachtungen betreffs der geolo- 
gischen Verhiltnisse in den argentinischen Kordilleren hat BACKLUND spater 
in mehreren Schriften dargelegt; mehrere davon sind in spanischer Sprache 
abgefasst. Im Jahr 1913 wurde BacKLunp eine feste Anstellung an der Argen- 
tinischen Geologischen Anstalt zusammen mit dem Chefsposten fiir die Ar- 
beiten innerhalb der Gebiete mit eruptivem und kristallinem Berggrund ange- 
boten. Dieses Anerbieten wurde jedoch abgelehnt. 

BacKLunp’s Wirksamkeit in Argentinien fiel in den Beginn eines langdauern- 
den schwedisch-finnlandisch-argentinischen Austausches auf dem Gebiete der 
Geologie. Die Einleitung zu diesen Wechselbeziehungen gab Dr. José Marta 
Soprav’s Aufenthalt in Schweden und seine Disputation 1913 in Uppsala tiber 
eine Arbeit tiber das Gebiet von Nordingra. Sopra. kehrte 1915 in seine Heimat 
zurtick und nahm eine Stelle an der Seccién Geoldgica an. Spiater avancierte 
er zum Generaldirektor des Bergwerksdepartements. Wahrend dieser Zeit, den 
Jahren 1922-1931, fanden bedeutende Veranderungen im Personalstab statt und 
die Mehrzahl der deutschen Geologen wurden nach und nach durch Argen- 
tinier und Schweden usw. ersetzt. So wurde der spatere Professor H. HAUSEN 
1914 BACKLUND’s Nachfolger und in der Folge erhielten die Geologen C. C:son 
CaLpDENIus, ‘T. H. HAGERMAN und E. LJUNGNER sowie S. RosEN Anstellungen 
als Staatsgeologen sowie die Grubeningenieure N. A. LANNEFoRS und S. WAss- 
MAN als Ratgeber in erzgeologischen Fragen. Die Einsatze dieser Personen 
fanden auch 1955 bei der Feier des 50-jahrigen Jubileums der Direccién 
Nacional de Mineria ihre gebihrende Wiirdigung. 


Die letzten Jahre in Russland 


Nach Beendigung seiner Anstellung als Staatsgeologe in Argentinien reiste 
BACKLUND itiber Chile, Bolivien, Peru, Ekuador und Kolumbien nach Toronto 
in Kanada, wo er am XII. Internationalen Geologen-Kongress teilnahm und 
zwar teils als Sekretir in einer der Sektionen, teils als Teilnehmer an einer 
der transkontinentalen Exkursionen von Toronto nach Vancouver. Nach Ab- 
schluss des Kongresses hielt er sich fast ein Jahr in USA auf und verbrachte 
die Zeit mit Studien, unter anderem im Yellowstone-Park, der Erze am Lake 
Superior und der Sulfiderzvorkommen bei Franklin Furnace. Auf die Reisen 
folgte ein monatlanger Besuch am Geophysical Laboratory in Washington 
(Carnegie Institution). 

Nach der Heimkehr im Herbst 1913 wurde er zum ordentlichen Chefkustos 
an der petrographischen Abteilung des Geologischen Museums der Akademie 
der Wissenschaften in St. Petersburg ernannt. Im November desselben Jahres 
unternahm er eine Reise nach Bonn, um dort die Sammiungen sitidameri- 
kanischer Gesteinsproben zu studieren. Auf der Riickreise besuchte er das neu- 
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entdeckte Nephelinsyenitgebiet bei Almunge. Im Sommer 1915 unternahm 
BACKLUND eine geologische Studienreise nach dem 6stlichen Altai, den Sajanen 
und der nérdlichen Mongolei, sowie im Sommer 1916 in Gesellschaft mit Pro- 
fessor P. QuENSEL aus Stockholm nach dem siidlichen Ural. Im Oktober des- 
selben Jahres begann eine Reise in die dstliche Mandschurei und Wladiwo- 
stock, um einen in der Nahe des Chanka-Sees gefallenen Meteoriten aufzuspiti- 
ren. Dieser wurde bei Boguslawka, 220 km nérdlich von Wladiwostok ange- 
troffen. Es handelte sich um 2 Eisenmeteorite von 199 bzw. 57 kg Gewicht, 
somit einen der grésseren bekannten Meteorfalle. Im vorliegenden Fall handelt 
es sich um hexaedrisches Kamaciteisen ohne Widmannstattensche Figuren. 

Im Sommer 1917 nahm BackLUND an der finnlandischen Erzexpedition nach 
Urian-Chai teil. Die Idee zu dieser Expedition stammte von Professor SEDER- 
HOLM in Helsingfors, im Einvernehmen mit BAcKLUND. Im Sommer 1915 
hatte BACKLUND die Sajanen durchreist und von Urian-Chai gehort, diesem 
an nutzbaren Mineralen und fruchtbarem Boden reichen Land an den Quell- 
fliissen des Jenissei nérdlich der Mongolei. Das Land wurde als ein wahr- 
haftiges Eldorado geschildert. Die Geldgeber des Unternehmens, AB Mineral- 
kompaniet in Helsingfors, hofften, dort Gold und andere Metalle zu finden, 
dort finnlandische Tochterindustrien anlegen und den herrschenden Uberschuss 
finnlandischer Arbeitskraft placieren zu konnen. An der Expedition nahm eine 
Anzahl von Fachgeologen teil: J. J. SEDERHOLM, H. BAcKLUND, S. FOSLIE 
(Kristiania), ‘TH. BRENNER und H. Hausen. Letzterer hat in seinem Memo- 
irenwerk ,,Over kontinenter och oceaner“ eine lebensvolle Schilderung des Ab- 
schlusses der Expedition gegeben. Der Erfolg war recht massig, doch ent- 
deckte man einige Fundorte mit alluvialem Gold, die gemutet wurden. Im 
August kam jedoch eine Nachricht von den lokalen Sowjetbehorden in Bje- 
losarsk mit der Verstandigung, dass die Expedition ihre Untersuchungen un- 
mittelbar zu beendigen und das Land zu verlassen habe. Da man annahm, 
dass die weissen Truppen die friihere Ordnung bald wiederherstellen wiirden, 
wurde die Ausriistung in ein Depot gelegt. Nachdem sich alle Teilnehmer 
an der Expedition versammelt hatten, baute man aus dicken Larchenstaimmen 
ein Floss, um auf dem Fluss Jenissei nach Minussinsk zu treiben. Die Reise 
durch die Stromschnellen in den westsajanischen Bergen war spannend, ver- 
lief aber gliicklich. Von Minussinsk reiste man zu Schiff nach Krasnojarsk und 
von dort durch das von der Revolution gezeichnete Russland mit der trans- 
sibirischen Eisenbahn nach Hause. 

Im Zusammenhang mit der Oktoberrevolution wurden die Verhaltnisse 
zunehmend verwirrter. Die alte Ordnung hérte auf zu funktionieren und man 
begann mit der Liquidierung der héheren Stande und der Personen, die im 
zaristischen Russland leitende Stellungen bekleidet hatten. Angesichts der dro- 
henden Gefahr und da die Geldmittel fiir wissenschaftliche Forschung ver- 
siegten, beschloss BACKLUND, St. Petersburg zu verlassen und sich mit seiner 
Familie nach Schweden zu begeben. Die Reise wurde mit der Eisenbahn 
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durch Finnland nach Tornea vorgenommen. Schon an der Grenze von Schweden 
angelangt wurde BacKLUND von einer sowjetrussischen Verhaftungsorder einge- 
holt, wurde aber in dieser kritischen Lage durch ein entschlossenes Eingreifen 
des Kommandanten der schwedischen Grenzwache in Haparanda auf die schwe- 
dische Seite gerettet. Das in St. Petersburg zuriickgelassene beweglivhe Eigen- 
tum wurde mit Beschlag belegt, doch wurden spater gewisse Dinge, die nicht 
veruntreut worden waren, wieder freigegeben. 

Im Sommer 1918 sowie in den folgenden Sommern nahm BackLunp in den 
Bergtrakten von Vasterbotten an den Feldarbeiten der Schwedischen Geolo- 
gischen Landesanstalt teil, wobei u. a. die Sulfiderzgebiete von Stekenjokk und 
Remdalen entdeckt wurden, die spaiter vom Parlament als Staatseigentum er- 
klart wurden. 


Die Zeit als Professor in Abo 


Als am 2. September 1918 die Akademie von Abo ihre Wirksamkeit be- 
gann, wurde BaCKLUND, ohne angesucht zu haben, an den Lehrstuhl fiir Geo- 
logie und Mineralogie berufen. Gemass einer Angabe in einer Beilage zu einer 
Beschwerde auf Veranlassung der Neubesetzung des geologischen Lehrstuhls 
in Uppsala 1924 war BACKLUND schon 1g1o eine Professur in Petrographie 
und Erzgeologie am Polytechnischen Institut in Warschau angeboten worden. 
Nach der gleichen Quelle stand ihm 1913 eine Professur in Petrographie und 
Mineralogie an dem geplanten montanistischen Institut in Jekaterinburg, sowie 
1914 die Professur in Mineralogie und Geologie an der damals noch nicht 
vollstandigen Universitat in Saratow (Wolga) zur Verfiigung. Die Berufung 
nach Abo erreichte BAcKLUND wahrend der Feldarbeiten in dem Hochland 
von Vasterbotten. 

Da Instrumente und Laboratorien fehlten, hatte der Unterricht am neu- 
errichteten geologisch-mineralogischen Institut der Akademie von Abo wahrend 
des ersten akademischen Jahres nur die Form von Vorlesungen. Durch Gaben, 
hauptsachlich aus Finnland und Schweden, wurde jedoch der Grund fiir die 
Studien- und systematischen Sammlungen des Institutes sowie fiir eine geo- 
logische Bibliothek gelegt. Im Lehrgang fiihrte BACKLUND die von E. FEDOROV 
entwickelte Universaldrehtisch-Methode ein. Zufolge der geringen Anzahl von 
Professoren an der Akademie von Abo — es waren anfangs ihrer nur 6 — 
war BACKLUND sowohl am Konsistorium und am Statutenausschuss als auch 
an den Examen- und Bibliothekskomitees engagiert. Dazu kam, dass die Pro- 
fessoren grésstenteils unter nicht sehr befriedigenden finanziellen Bedingungen 
arbeiteten, was auch heute noch auf die sich trotz dieser Schwierigkeiten ent- 
wickelnde Akademie von Abo zutrifft. 

Im Sommer 1920 leitete er eine Expedition fiir die Suche nach Erzen im 
mittleren Osterbotten. Dieselbe war von Centralgruppens Emissions AB in 
Stockholm organisiert, demselben Unternehmen, das spater die Untersu- 
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chungen im Skellefte-Gebiet betrieb und u. a. das Erzvorkommen von Boliden 
lokalisierte. 

Im selben Jahr unternahm BacKLUND eine Studienreise nach England, USA 
und Mexico. Die bereits 1918 zusammen mit Professor P. QUENSEL im Rahmen 
der Schwedischen Geologischen Landesuntersuchung im schwedischen Teil 
der Gebirgskette in Lappland begonnenen Untersuchungen wurden wahrend 
der folgenden Sommer fortgesetzt. Im Sommer 1921 besuchte BACKLUND die 
Gegend um Falun und studierte im Zusammenhang mit einer Exkursion der 
II. Skandinavischen Geologen-Zusammenkunft ihren Berggrund und im nach- 
sten Sommer nahm er mit Professor L. Borcstr6M, Helsingfors, als Reprasen- 
tanten fiir Finnland an einer von Professor V. M. GOLDSCHMIDT im Gebiet von 
Stavanger angeordneten Exkursion teil. 

Die Verhaltnisse an dem kleinen Institut in Abo waren vielleicht etwas zu 
idyllisch fiir BAacKLUND, der fast sein ganzes Leben auf Reisen zugebracht 
hatte. Als dann im Jahre 1922 die nach Professor A. G. HOcBom vakante 
Professur in Geologi mit Petrographie und Mineralogie in Uppsala ausge- 
schrieben wurde, befand sich BACKLUND unter den Bewerbern. Der Streit zwi- 
schen den letzteren wurde sehr heftig und langwierig und fand in Pressedebat- 
ten und Beschwerdeschriften seinen Ausdruck. 


Die Zeit als Professor in Uppsala 


Am 20. Juni 1924 wurde BACKLUND zum Professor in Uppsala ernannt. 
Im Laufe des akademischen Jahres 1924-1925 wurde das Institut in zwei Teile 
geteilt, namlich einen mineralogisch-geologischen mit BACKLUND als Vorstand 
und einen palaontologischen unter Professor CARL Wiman. Es sollte jedoch 
noch ein Dezennium dauern, bevor letzterer in ein eigenes Institutsgebaude 
einziehen konnte, so dass der Platz in den Institutslokalen am Domkyrkoplan 
sehr knapp war. Zur Aufnahme der wachsenden Sammlungen wurden neue 
Lokale durch Ausniitzung von Raumlichkeiten im Kellergeschoss des Insti- 
tutsgebdudes geschaffen und im obersten Stockwerk wurde eine Anzahl von 
Forscherréumen eingerichtet. Gleichzeitig mit der Durchfithrung dieser Veran- 
derungen wurden die Lokale des Instituts modernisiert. 

Im Frthjahr 1926 nahm BackLUND am XIV. Internationalen Geologen- 
Kongress in Madrid teil und besuchte im Zusammenhang mit dieser Reise 
die geologischen Institute einer grésseren Anzahl franzésischer und deutscher 
Universitaten. 

Wahrend der folgenden Jahre wurde eine allmahliche Erneuerung der in- 
strumentalen Ausrtistung des Instituts durchgefiihrt. Es wurden u. a. moderne 
Mikroskope mit Universaldrehtisch nach E. Feporov angeschafft, ein Erhit- 
zung-Mikroskop, Goniometer und eine moderne photographische Ausriistung. 
Die Sommer verwendete BACKLUND grossenteils zur Revision seines Abschnit- 
tes der oben genannten Karte tiber das Hochland von Vasterbotten. Im Jahr 
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Backlund verabschiedet sich von seiner Frau in Kopenhagen um nach Groénland zu reisen. 
Photo aus den 1930-iger Jahren. 


1929 wurde die Karte dann gedruckt, doch wurde die Publikation der dazu 
gehorenden Beschreibung aufgeschoben, u.a. auf Grund des Umstandes, dass 
BACKLUND seine Auffassung tiber die Deutung der Entstehung der auf der 
Karte ausgeschiedenen Eruptivgesteine geandert hatte. 

Im Sommer 1928 nahm BackKLUND an der Internationalen Geologen-Zu- 
sammenkunft in Danemark teil. Er gehorte auch zu den Stiftern der im selben 
Jahr gegriindeten Schwedischen Mineralogischen Gesellschaft, deren Vorsitzen- 
der Harry vON ECKERMANN, damals Dozent an der Stockholmer Hochschule, 
wurde. Diese Gesellschaft war von grosser Bedeutung fiir die Belebung der 
mineralogischen Forschung in Schweden, wie sich aus den zahlreichen Refe- 
raten uber ihre Wirksamkeit in den Abhandlungen der Geologischen Gesell- 
schaft in Stockholm ersehen lasst. BACKLUND’s grosser Wirksamkeitsdrang und 
sein Interesse fiir die Wissenschaft kam zu dieser Zeit zum Ausdruck in seinem 
Vorschlag zur Bildung einer internationalen Vereinigung der Quartaérgeologen 
und zur Griindung einer internationalen Zeitschrift fiir Quartargeologie. 

Wahrend der Sommer 1929 und 1930 nahm er an Lauce Kocu’s Expedition 
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nach Nordostgrénland teil. Aus diesem Gebiet waren friiher Gneise bekannt 
gewesen, die als zu den Urgesteinen gehérig betrachtet wurden; Kocu hatte 
dort ein Zone kaledonischer Faltung nachgewiesen. BACKLUND bewies, dass 
die oben genannten Gneise kaledonischen Alters sind und zog daraus den 
Schluss, dass die Adergneise des Urgesteins auf gleiche Weise entstanden sein 
mussten. Er brachte hiebei das von J. J. SEDERHOLM und dessen Schiiler, Pro- 
fessor EUGEN WEGMANN in Neuchatel, gehegte Aktualitatsprinzip zur An- 
wendung, demzufolge die Gegenwart den Schliissel zur Vergangenheit in 
sich birgt. 

Das Problem, das wahrend mehr als die drei letzten Jahrzehnte seines Lebens 
das Interesse BACKLUND’s in immer gesteigertem Masse fesselte, war die Bil- 
dung der Granite und die damit zusammenhangenden Fragen. In seinen Vor- 
lesungen pflegte er mit Nachdruck darauf hinzuweisen, dass noch niemand 
die Bildung eines Granits beobachtet oder einen solchen im Laboratorium 
hergestellt hat. Als junger Geologe hatte er sich zur magmatischen Schule 
bekannt, doch dnderte er spater unter dem Einfluss von SEDERHOLM und die- 
sem in ihrer Auffassung Nahestehenden sowie von eigenen Beobachtungen 
seinen Standpunkt und schloss sich den Ideen der sog. franzdsischen Schule 
an, welche fiir die Bildungsbedingungen der Granite und Gneise die tief- 
greifenden Wirkungen der Metamorphose und das Aktualitatsprinzip unter- 
strichen. 

Seine Gesichtspunkte beztiglich der Entstehung von Graniten und Gneisen 
durch Umwandlung prdaexistierender Sedimente hat BACKLUND in seinen Vor- 
lesungen und spater in einer Reihe von nicht immer so leicht zuganglichen 
Schriften dargelegt. Er argumentierte lebhaft gegen die Magmatiker und wies 
auf deren ,,replacement‘‘ Probleme hin. Auch unterstrich er die Unwahrschein- 
lichkeit der Existenz von enormen Becken fliissigen Magmas, welche unsere 
Granitgebiete nach Auffassung der Magmatiker gebildet haben mtissten. Dem 
gegeniiber stellte er den ruhigen Verlauf des Vordringens einer Migmatitfront 
in einem Sediment und dessen Umbildung in Migmatite und Granite im Ver- 
lauf der Jahrmillionen. BACKLUND wies oft auf die grosse Ahnlichkeit in der 
chemischen Zusammensetzung der Tonschiefer und Granite hin. Er betonte 
auch, dass im allgemeinen der Zeitfaktor bei geologischen Gedankengiangen 
keine Schwierigkeiten erbiete: Der bedeutet nichts in der Geologie, Zeit steht 
immer reichlich zur Verfigung. — Die in den Migmatiten vorkommenden 
Griinsteine sind nach seiner Auffassung umgewandelte kalkreiche Sedimente, 
und die einzigen wirklich magmatischen Gesteine sind nach seiner Meinung 
die Basalte. 

BacKLUNp’s Auffassung wurde von verschiedenen Seiten kritisiert. Er hatte 
ein Idealschema ausgearbeitet, in welchem jede aktuelle Erscheinung ihr 
Fach hatte. Trotz einer gewissen Einseitigkeit haben seine Arbeiten die Ent- 
wicklung auf diesem wichtigen Gebiet um ein grosses Stiick geférdert und 
ohne seinen Einsatz ware die Forschung um einen wertvollen Beitrag armer. 
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Nach eingehenden Studien der fennoskandischen Urgesteine legte BACKLUND 
seine Gesichtspunkte fiir die Bildung dieses Kratogens als Resultat einer Anzahl 
von Kettenfaltungen dar, naimlich: 


1) Marealbiden, 4) Gotokareliden und 
2) Svekofenniden, 5) Kaledoniden. 
3) Norwegosamiden, 


| Weiters wies er darauf hin, dass die geologische Entwicklung eine regel- 
_ massige Periodizitat aufweise und dass sich eine vollstandige Orogenese tiber 
einen Zeitraum von 350-400 Millionen Jahre erstrecke. 

Im Sommer 1937 nahm er als Representant der Kéniglichen Akademie 
der Wissenschaften am XVII. Internationalen Geologen-Kongress in Moskau 
teil. Bei dieser Gelegenheit besuchte BackLUND Russland zum ersten Mal 
seit fast 20 Jahren; er nahm an der Exkursion in die alkalinen Gebiete der 
Kola-Halbinsel teil. Im Herbst 1943 trat er mit seiner Pensionierung von 
der Professur zuriick. Seit dem Ende der dreissiger Jahre des Jahrhunderts 
war er von einem Herzleiden beschwert, welches das bewegliche Leben, das 
er gewohnt war, einschrankte. Seine wissenschaftliche Tatigkeit verblieb jedoch 
unvermindert und er setzte seine Arbeiten iber den Bau von Fennoskandien 
und das Granitproblem fort. 

Im Sommer 1945 machte BACKLUND zusammen mit einer Anzahl schwe- 
discher Forscher. auf anderen Gebieten der Wissenschaft auf Einladung der 
russischen Akademie der Wissenschaften einen kurzen Besuch in der Sowjet- 
union. Diese Akademie wollte auf diese Weise ihr 220-jahriges Jubilaum und 
den Friedensschluss nach dem damals kiirzlich beendeten Zweiten Welt- 
krieg feiern. Bei dieser Gelegenheit konnte er manche altere Kontakte wie- 
deraufnehmen. 

Das letzte Jahrzehnt im Leben BackLunp’s erhielt sein Geprage durch lang- 
sam zunehmende Kranklichkeit, unterbrochen von kurzen Perioden auffal- 
lender Besserung, wahrend welcher er die Gelegenheit in acht nahm und 
kiirzere Reisen auf dem Kontinent unternahm. So besuchte er 1948 England 
als Gastprofessor; 1952 hielt er Gastvorlesungen an den Universitaten in 
Madrid und Barcelona. Im Zusammenhang damit machte er Studienreisen 
nach den Granitgebieten in der Nahe dieser Stadte. Gemiiss einem bald danach 
vor der geologischen Sektion der Naturwissenschaftlichen Studentengesell- 
schaft in Uppsala gehaltenen Vortrag betrachtete er die prachtvollen Grani- 
tisierungsphanomene in diesen Gebieten mit hohem Genuss. 

Durch seine zahlreichen Reisen, seine reiche Produktion und seine vielen 
Kontakte mit Forschern in verchiedenen Landern wurden BacKLUND und 
seine Arbeit weit tiber die Grenzen von Schweden hinaus bekannt. Er be- 
tonte auch gegeniiber jiingeren Kollegen und Schiilern, wie bedeutungsvoll 
es sei, seine Beobachtungen in einer der Weltsprachen zu ver6ffentlichen. 
Zahlreiche in schwedischer Sprache publizierte wertvolle Ergebnisse sind un- 
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beachtet geblieben oder sind spater von auslaindischen Forschern aufs neue ge- 
macht worden, was mehr oder weniger unangenehme Uberraschungen mit sich 
brachte. Um die Priifung im Lehrfach bestehen zu kénnen, mussten seine Schii- 
ler eine Anzahl gedruckter Arbeiten hervorgebracht haben, was in der Zeit 
starker Konkurrenz um die wenigen Geologenposten von grossem Wert war. 
Selbst ging er mit gutem Beispiel voran, wie sich aus der folgenden Bibliographie 
ergibt. Als Lehrer war er besonders in jiingeren Jahren streng und fordernd. 
Gleichzeitig hatte er aber auch die Fahigkeit, sich in die Schwierigkeiten der 
Schiiler hinein zu versetzen und munterte sie bei seinem taglichen Rundgang 
durch das Institut zu neuen Anstrengungen auf. ,, Wie geht es?‘‘ (Hur gar det?) 
war seine standige Frage. (Das sagte er mit einem rollenden R, das nach einem 
Gewahrsmann eine Erinnerung an die Zeit in St. Petersburg sein sollte.) Im 
iibrigen war seine Sprache voll von Germanismen. 


Ehrenbezeugungen und Auszeichnungen 


Bei Lebzeiten wurde BacKLUND zum Ehrenmitglied, korrespondierenden 
Mitglied oder auslindischen Mitglied von etwa 15 wissenschaftlichen Aka- 
demien und damit vergleichbaren Gesellschaften im In- und Ausland ge- 
wahlt. Er wurde 1927 an der Universitat Uppsala und 1940 an der Wiener 
Universitat zum Ehrendoktor der Philosophie promoviert. Im Jahre 1941 
wurde er dazu ausersehen, mit Professor L. von Post den von der Leitung 
der Hochschule in Gotenburg verliehenen ,,SIxTEN Heymans pris for for- 
fattare och vetenskapsman“ zu teilen. 

Fiir seine geographischen Forschungen in Sibirien erhielt BACKLUND 1910 die 
kleinere Goldmedaille der Russischen Geographischen Gesellschaft. Seine 
mehryjahrigen Forschungen auf Gronland wurden 1935 mit der Danischen 
Verdienstmedaille mit der Inschrift ,,Ostgrénland 1931-1934‘ belohnt. Die 
STEINMANN-Medaille fiir geologische Forschung erhielt er 1934 von der Geo- 
logischen Vereinigung in Frankfurt a. M., die auch in Band 34 ihrer Zeitschrift 
Geologische Rundschau zu seinen Ehren eine Festschrift mit dem Titel ,,Nord- 
Europa Heft HELGE BACKLUND gewidmet“ herausgab. Im Jahr 1947 wurde 
BACKLUND in die Kénigliche Akademie der Wissenschaften gewahlt. 1949 wurde 
im Mineralogisch-geologischen Institut in Uppsala sein Portrait enthiillt, das 
von seiner Schwester Frau E. CeLsING gemahlt war. Ehemalige Schiiler und 
Freunde trugen die Kosten. Schliesslich wurde BACKLUND 1956 von der Oster- 
reichischen Mineralogischen Gesellschaft mit der neugestifteten BEcKE-Medaille 
ausgezeichnet. 


Bibliographie 


Verzeichnisse von H. G. BacKLUND’s Schriften wurden schon frither pu- 
bliziert, u.a. im Jahresbericht des Rektors der Akademie von Abo fiir die 
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Jahre 1918-1919; in BacKLUNp’s Beschwerdeschrift vom 1924 betreffend die 
Neubesetzung der Lehrkanzel fiir Geologie mit Mineralogie an der Univer- 
sitat von Uppsala; in der oben erwahnten Festschrift in der Geologischen 
Rundschau; in der Einladung des Rektors zur Installation BAacKLUND’s als 
Professor und in stark komprimierter Form in der Matrikel der Universitit 
von Uppsala fiir die Jahre 1937-1950. 


Io. 


it. 


12. 


113): 


14. 


nOo 7, 
. Les diabases du Spitzberg oriental. Missions scientific pour la mesure d’un arc de 
méridien au Spitzberg ... en 1899-1901, Mission russe, T. 2, Sect. 9: B: 1. St.- 
Pétersb. 


. Observations dans le Spitzberg central. (Ibidem.) T. 2, Sect. 9: B: 2. St.-Pétersb. 


1908. 


. Néskol’ko dannych po izuéeniju porodo-obrazujustich piroksenov. [Beitrag zur 


Kenntnis gesteinbildender Pyroxene.] Bull. de l’Acad. des sciences de St.-Pétersb., 
SCiy Oy eb ail2 Te 


. Rombiéeskij piroksen iz »giperstenovago» gnejsa. [Rhombischer Pyroxen aus einem 


Hypersthengneiss.] (Ibidem.) 1 : 2. 


. Uber ein Gneissmassiv im noérdlichen Sibirien. Travaux du Musée géol. Pierre le 


Grand preés l’Acad. des sciences de St.-Pétersb., 1. 


. Uber einige Diabase aus arktischem Gebiet. Min. u. petrogr. Mitt., N. F., 26. 
. Optisch negativer monokliner Pyroxen. Ibidem. 


1908 


. Travaux et résultats de l’expédition de la Khatanga <1905. La Géographie, 18. 


7909 


. Uber die Olivingruppe. Travaux du Musée géol. Pierre le Grand prés l’Acad. des 


sciences de St.-Pétersb., 3. 
1910 


Bazal’t iz Bol’Sezemel’skoj Tundry. [Les basaltes de la BoliSezemeliskaja ‘Tundra. ] 
Ibidem, 4. 

Ekspedicija br. Kuznecovych na poljarnyj Ural letom 1909 g. [Die Expedition der 
Gebriider Kuznetzoff nach dem arktischen Ural im Sommer 1909.] Izv. Russk. 
geograf. ob&é., 46. 

Kristalline Gesteine von der Nordkiiste Sibiriens. 1. Die Diabase der Kusjkin- 
Insel. Mém. de l’Acad. des sciences de St.-Pétersb., Sér. 8, Classe phys.-mathém., 


Vol. 21: Nr 6. 
Ibidem. 2. Kristalline Gesteine von der Tajmyr-Halbinsel. Mém. de PAcad. des 


sciences de l’URSS, Sér. 8, Classe phys.-mathém., Vol. 21: Nr 7. Leningrad 1929. 
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Ob&éij obzor déjatel’nosti ekspedicii br. Kuznecovych na poljarnyj Ural letom 1909 
goda. Die Expedition der Gebriider Kuznetzoff nach dem arktischen Ural im Som- 


mer 1909. Ibidem Vol. 28: Nr 1. 
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Ey. 


16. 


17. 


18. 


IQ. 


20. 


Pa 


22. 


23. 


24. 


25. 


26. 


Uber einige Olivinknollen aus der Lava von Wood-Bay, Spitzbergen. Kristiania. 
Vid. selsk:s skrifter, 2, Mat.-naturv. Klasse 1911: Nr 16. 


. 


1912 


Gornyja porody poljarnago Urala i ich vzaimnyja otnoSenija. 1. Vostoényj sklon v 
oblasti rr. Chanema i Charava. Die Gesteine des arktischen Urals und ihre 
gegenseitigen Beziehungen. 1. Der dstliche Abhang im Gebiete der Fliisse Khanema 
und Kharava. Mém. de 1’Acad. des sciences de St.-Pétersb., Sér. 8, Classe phys.- 
mathém., Vol. 28: Nr 3. 


1913 
Algunas observaciones sobre rocas notables provenientes de Olavarria, provincia 
de Buenos Aires. Bol. del Ministério de agricultura de la Republica Argentina, 15. 
Uber chemische Verainderungen in mechanisch deformierten Gesteinen. Centralbl. 
f. Mineral. 


1914 


Novye materialy k poznaniju ostrova Benneta. Neue Materialien zur Kenntnis der 
Bennet-Insel. Bull. de l’Acad. des sciences de St.-Pétersb. 

(In Mitarbeiterschaft I. Tolmaéev.) Zamétka o gornych porodach, sobrannych v 
1913 g. gidrografiéeskoj ekspediciej Sévernago ledovitago okeana. Notiz iiber einige 
Gesteine gesammelt von der hydrographischen Expedition 1913 im sibirischen 
Eismeer. Ibidem. 

Th. N. CernySev i gradusnoe izmérenie na Spicbergené. Th. N. Tschernyscheff 
och gradmatningen pa Spetsbergen. Izv. Russk. geograf. ob&8é., 50. 

Otéet po komandirovké vy Ameriku. Rapport sur un voyage en Amérique. Travaux 
du Musée géol. Pierre le Grand prés l’Acad. des sciences de Petrograd, 8. 


1915 
Les déterminations magnétiques pendant |’expédition de Khatanga en 1905. Mém. 
de la Soc. russe de géogr., Géogr. générale, 48: Fasc. 2. > 
Nordmarkit s réki Cu. Nordmarkit von dem Flusse Tschu. Bull. de l’Acad. des 
sciences de Petrograd. 
Nefelinovyj bazal’t <onkilonit) s Sévernago ledovitago okeana. Nephelinbasalt 
<Onkilnit> aus dem nérdlichen Eismeer. Ibidem. 
(In Mitarbeiterschaft V. Chlopin.) Novaja nachodka samorodnago nikkelistago 
zeléza. Sur une nouvelle trouvaille de fer natif a nickel. Ibidem. 


1916 


. Néskol’ko dannych k poznaniju ostrova Uedinenija. Quelques données sur Vile de 


la Solitude. Bull. de Acad. des sciences de Petrograd. 


. Padénie meteornago Zeléza okolo s. Boguslavki, Primorskoj oblasti. Fer météorique 


tombé auprés de Boguslavka aux environs de Vladivostok. Ibidem. 


. On fossil plants from Solitude (Ensomhed> Island. Geol. Féren. Férh., Bd. 38. 


1917 


- Meteorit fallen vid Boguslawka, 220 kilometer norr om Vladivostok. Ibidem, Bd 39. 
. O meteoritach. Om meteoriter. Priroda, Moskva. 


39- 


40. 
AT: 
42. 


43. 
44. 
45. 
46. 


47. 


52. 
53- 
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. Skapolit s réki Kandy. Skapolith vom Flusse Kanda. Bull de l’Acad. des sciences 


de Petrograd. 


. O Cilijskoj selitré. Uber Chile-salpeter. Rudnyj vestnik (Bergbau-Nachrichter), 


Moskva. 


- K geologii Imenskich gor. Zur Geologie des Ilmengebirges. Geologigeskij véstnik 


(Der Geologenberichter), Petrograd. 


1918 


. Amblygonit von Utd. Geol. Féren. Férh., Bd 40. 
. Nagra ledlinjer vid tydningen af metamorfa bergarter. Ibidem. 
. Petrogenetische Studien an Taimyrgesteinen. Ibidem. 


a9 29 
. Om kemiska forandringar vid metamorfos. Ibidem, Bd 41. 
1920 
E.S. Fedorov +. Ibidem, Bd 42. 
1921 


Fyjallformationens myloniter och eruptiva kvartsiter. Ibidem, Bd 43. 
Tektonik och isostasi pa Spetsbergen. Ibidem. 
On the eastern part of the arctic basalt plateau. Acta Acad. Aboensis mathem. et 


plryset: 2. 

eS 
Der magmatische Anteil der Cordillera von Siid-Mendoza. Ibidem, 2: 1. 
Kristalline Massengesteine und die andine Geosynklinale. Geol. Rundschau, Vol. 14. 
Walther Penck +. Geol. Foren. Férh., Bd 45. 
Torbern Fegrzus +. Ibidem. 


1924 


Férklaring med anledning av docenterna G. Frédins och A. Haddings besvir éver 
Stérre akademiska konsistoriets forslag till aterbesa’ttande av professuren 1 geologi 
med petrografi och mineralogi vid Uppsala universitet. Stockholm. 


1925 


. Forsék till magmatektonisk analys av Vasterbottens fjallbyggnad. Ibidem, Bd 47. 


49. 
50. 


Arktisk forskning vid Sibiriens nordspets. Ymer, Bd 45. 
O milonitach i tektonitach. Sur les mylonites et tectonites. Mém. de la Soc. russe 


du minéral., Sér. 2, 52, 1925. 


. Geological synopsis of the area N of Huakhem and E. of Ushep. (The Upper 


Yenissei drainage area <territory of Uriankhai>, ed. by H. Hausen. Acta geo- 
graphica, 1, Nr 1, Helsingfors. 

Geological observations from various itineraries. [bidem. 
Geological-topographical route map and areal croquis of the S slopes of Ogarkha- 
Ula between Hlebnikowa in the W and the confluence of Huakhem and Shiskit 


in the E. Scale 1:300000. Ibidem. 
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54. 
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56. 


57: 


58. 


59. 


60. 
61. 
62. 


63. 


64. 


65. 


66. 


67. 


58. 
69. 
70. 
Gilet 


qs 


(Together with H. Hausen.) Geological and topographical route map and areal 
croquis of the N slopes of Tangnu-Ula between the Shurmak and Eleges rivers. 
Scale 1:300000. Ibidem. Won 

Mexiko; ett land med lang historia och stora naturtillgangar. Radioféredrag. (De- 
partment of industry and commerce of Mexico). Printed in Stockholm. 


1926 


Magmatic activity and mountain folding in the Andes of South Mendoza. Geol. 
Magazine, Bd 63. 


L927 
Ueber eine herzynische Faltung im palzarktischen Gebiet. Congrés géol. internat. 
Compt. rend. de la 14° session, en Espagne, 1926, 3, Madrid 1928. 
Ueber die Rolle der Granitintrusion in der kaledonischen Gebirgskette Skandina- 


viens. Ibidem. 
Den internationella geologkongressen i Madrid 1926. Geol. Foren. Férh., Bd 49. 


1928 


Det internationella geologmétet i Danmark juni-juli 1928. Ibidem, Bd 50. 
Tyngdkraftsfordelningen inom Fennoskandia. (Review of lecture.) Ibidem. 
On the stability of the earth’s crust in central Fennoscandia. Fennia, Bd 50, Nr 25. 


1929 
Inbjudning till filosofie doktorspromotionen vid Uppsala universitet fredagen den 
31 maj 1929. Added paper: On late Palaeozoic glaciations in the northern hemi- 
sphaere. Uppsala. The added paper also in Upps. Univ. Arsskr. 


1930 
On a probable tillite of late-Palaeozoic age from the Kara-River, Northernmost 
Ural. Internat. geol. congr. Compt. rend. of the 15. session, South Africa, 1929, 2 
Pretoria. 
Die Magmagesteine der Geosynklinale von Nowaja Zemlja. 
Report of the scient. results of the Norwegian expedition to Nowaya Zemlya 1921, 
45, Oslo. 
Contributions to the geology of North-East Greenland. Medel. om Grénland, 74, 
Nr 11, Kébenhavn. 
Om anortiten 1 gabbron pa Radmansé. Geol. Féren. Férh., Bd 52. 


b 


1931 
Fjordbildningsproblemet i NO-Grénland. Ibidem, Bd 53. 
Friedrich Becke +. Ibidem. 
Dalformationen. Nagra randanmarkningar. Ibidem. 


Uber die Lagerungsbedingungen eines Torffundes in NO-Grénland. Meddel. om 
Gronland, 87, Nr 1, Kébenhavn. 


1932 
Das Alter des ,,metamorphen Komplexes“ von Franz Josef Fjord in Ost-Grénland. 
Meddel. om Grénland, 87, Nr 4, Kébenhavn. 
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- Bemerkninger [til Remarks upon Lauge Koch: Geologie von Grénland, 1935]. 


Meddel. fra Dansk Geol. Foren., 8, 1931-35. 


. Der nérdliche Rand Asiens. Geol. Rundschau, 23. 


1933 


. On the mode of intrusion of deepseated alkaline bodies. Bull. Geol. Inst. Ups., 


24, 1932-33. 


. (Together with D. Malmavist.) Zur Geologie und Petrographie der nordostgrén- 


landischen Basaltformation. 1. Die basische Reihe. 2. Die sauren Ergussgesteine 
von Kap Franklin. Meddel. om Grénland, 87, Nr 5; 95, Nr 3.'Khvn 1932-35. 


BED) 


. Zur tektonischen Gliederung Asiens. Geogr. annaler, 17. 
. Tyngdkraftsmatningar och deras geologiska konsekvenser. (Review of lecture.) Geol. 


Foren. Férh., Bd 57. 


. Zur Tektonik des nordschwedischen Hochgebirges. Geol. Rundschau, 26. 
. Die Eklogite. Ibidem. 


1936 


. Artur Rindell. In memoriam. Geol. Foren. Foérh., Bd 58. 
. Tull fragan om granitgrupper, bergskedjeveckningar och cykelindelning inom Fen- 


noskandia. Ibidem. 


. Der ,,Magmaaufstieg“ in Faltengebirgen. Compt. rend. de la Soc. géol. de Fin- 


lande, 9. 
Zur genetischen Deutung der Eklogite. Geol. Rundschau, 27. 


. Forslag till ny geologisk tidskrift for Fennoskandia «Acta geologica fennoscandica). 


Geol. Féren. Férh., Bd 58. 


Se! 


Malmségning. (Med treaarsekspeditionen til Christian X:s Land.) Khvn. 
Svekofennider och Gotokarelider. Geol. Féren. Férh., Bd 59. 

Die Umgrenzung der Svekofenniden. Bull. Geol. Inst. Ups., 27. 

Der postkaledonische palaéozoische Vulkanismus in Ostgrénland. Geol. Rund- 


schau, 28. 
Sur quelques roches éruptives de la série basaltique de la Céte orientale du 


Greenland. Compt. rend. |’Acad des sciences, Paris, 204, 1937: 1. 


1938 
Der Stoffwechsel. 1. Tiefenmetamorphose. Geol. Jahresberichte 1, 1936/37, in 
print 1938. 
The rapakivi puzzle. A reply [to H. von Eckermann]. Geol. Féren. Férh., Bd 60. 
Zur ,,Granitisationstheorie‘. Eine Verdeutlichung. Ibidem. 
The problems of the rapakivi granites. Journal of Geol., 46. 


1939 
Zur ,,Granitisationstheorie‘‘ nochmals. Schlusswort. Geol. Foren. Férh., Bd 61. 
Petrogenetische Abstraktionen betreffend die Rapakivigranite. Eine Erklarung. 
Ibidem. 
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Zur Diskussion iiber das allgemeine Exposé tiber Kontinentalbewegungen von 
G. Knetsch. Geol. Rundschau, 30. 
Islandsprobleme. Ibidem. s 


1940 


Die Arktis. Geol. Jahresber., 2, 1937/38, in print 1940. 

Emile Argand +. Geol. Féren. Férh., Bd 62. 

Fennoskandias Aldsta geologiska strukturelement. Vetenskap av i dag, Sthlm (prin- 
ted in Uppsala). 


1941 


Zum Werdegang der Erze. Geol. Rundschau, 32. 

Zum Aktualitatsprinzip. Ibidem. 

Die altesten Baustiicke Fennoskandias im Lichte des Aktualitatsprinzips. Zeitschr. 
d. Deutsch. geol. Gesellsch., 93; also printed in Mitteil. d. Alpenland. geol. Vereins, 
33, 1940. In print 1941. 

Die dltesten Baueinheiten von Fennoskandia. Ein Beitrag zur Deutung des ,,Ur- 
gebirges‘‘. Mitteil. d. Naturforsch. Gesellsch. Schaffhausen, 17: 3. 
Gesteinsentwicklungen in Fennoskandia. Ein Beitrag zum Verstandnis 4ltester 
Erdkrustenteile. Zeitschr. f. Geschiebeforsch., 17. 


1942 


Probleme der arktischen Plateaubasalte. Verdffentl. d. Wissenschaftl. deutschen 
Inst. zu Kopenhagen. R. 1, Arktis, Nr 3. 

(Together with N. von Hofsten etc.) Livets férsta uppkomst. Radiobibl., 3: Li- 
vets och dédens problem. Biologiska radiosamtal varen 1942. 2:nd ed. 1944. 


1944 


Einblicke in das geologische Geschehen des Prakambrium. Geol. Rundschau, 34. 
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t. The Gabbro Bombs at Lake Graenavatn 


By 


Tomas Tryggvason 


In his paper of 1943, M.F. Kuthan mentions briefly (footnote on page 24) 
volcanic bombs with cores of diallagic gabbro, which he found on the shores 
of the maar lake Graenavatn in the valley of Krisuvik on the Reykjanes 
Peninsula. Three years later Prof. S. Thorarinsson and the present author 
observed these bombs in the same locality without knowing of Kuthan’s 
discovery (Fig. 1). 

This gabbro is mentioned by Thorarinsson in 1953, and was briefly de- 
scribed by the present author in a footnote following that paper, where 
other xenoliths of major interest found in Iceland up to that date are also 
listed. . 

On the suggestion of Prof. E. Norin the following microscopic study was 
made on one of the bombs at the Geological Institution of the University of 
Uppsala. The author wishes to thank Prof. Norin for the suggestion, and also 
for the chemical analyses of the plagioclase. 


The Mafic Minerals 


The bombs represent a light gray, medium-grained olivine-gabbro, rich in 
plagioclase. The bombs differ somewhat texturally as well as in their grain 
size. The piece investigated is of typical poikilitic-poikilophitic texture. 
The plagioclase crystals are relatively large, their average size being about 
1.0 x 0.3 mm. They are exceptionally pure and homogeneous, foreign inclusions 
are rare, and zoning is rarely observed. 

The plagioclase laths are enclosed in large pyroxene crystals. ‘These attain, 
in some cases, a size of several cm. The optic axial angle, 2 V,, is in most 
cases about 50°. The extinction angles on (oro), c: y, average 42° when meas- 
ured in a thin section on the universal stage, but 44° when measured in a 
powder preparate. The refractive index, determined by the immersion method 
on a crystal fragment, proved to be n, = 1.710+0.003 and, = 1.691+0.003, 
in sodium light. 

Like the pyroxene, the olivine too is of normal basaltic type. The optic 
axial angle, 2 V,, is 80 — 86°. The refractive indices, measured on an oriented 
crystal fragment, were 7, = 1.735+0.003 , = 1.696+0.003. Accordingly, 
the olivine is a crysotile with about 30 mol-% fayalite. 
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Bison: 


One large olivine crystal was found as a host to the plagioclase. As this has 
extremely seldom been reported before, the optic axial angle of the host 
crystal was measured repeatedly, and always with indentical results. 


Both the augite and the olivine are for the most part quite fresh. However, 
on their border some of the crystals have been altered into a mineral resem- 
bling hornblende. The optical character of the secondary mineral is negative, 
with 2 V, = 62—66°. The extinction angle is far less than that of the augite, 
and the birefringence is low. 


Optical Determination of the Plagioclase 


On account both of their size and homogeneity, the plagioclase crystals are 
well suited to optical determinations, and also for separation for a chemical 
analysis. Furthermore, the rock is already disintegrated due to internal blas- 
ting effect. Through the sudden change in pressure caused by the eruption 
on the rock pieces ejected, the crystal boundaries in the gabbro became 
weakened. This facilitates the mechanical separation of the crystals. 

The optical measurements were carried out on a four axes universal stage 
according to Berek’s methods. The results are listed in a table with average 
values of the anorthite content in accordance with the migration curves given 
by Tertsch 1942 for the a—f—y coordinates of the twin axes, and the angles 
between the corresponding directions of a, 6 and y in both twins. 
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Table r. = i BY aa 
An-content in per cent, average values, as measured on migration curves of 
Tertsch (1942). 


Twin 

axes oe Dade ad 
ee ere eee ee SMES 1? GBIF IHINE Yl! Lik bere dic oe ee 
Albite twins, Low temp. 83 83 = 80. 5 
6 determinations High temp. 78 80 = 75 
este ee ee a ce 
Carlsbader twins, Low temp. 79 85 80 82 
5 detn. High temp. 70 82 70 81 
a ee eg Cree FS IR Peony Shed Flin 
Albite-Carlsb. Low temp. 81 80.5 81 83 
twins, 15 detn. High temp. 71 74 81 66.5 
Pericline twins, Low temp. 84 89 74 
3 detn. High temp. 86 100 67 


Composition planes and cleavage planes are omitted in the table, as their 
determination along the N-S axis was not very exact. They have been 
used for auxiliary purposes in order to determine the twinning laws. 

The coordinates of the optic axes were determined if they could be read 
directly on rotating the control axis in the 45° position. Much value should 
not be attributed to the 2 V-determination. Firstly, the 2 V-diagram is rather 
flat, and secondly, the errors in the measurements get doubled with the 
exception of the rare cases, when both axes can be read on the same individ- 
ual crystal. The values obtained on the optic angles are therefore omitted 
from the results. 

The f / f curve for albite twins is rather flat, and therefore of little value 
for the determination of the an-content. In this case the mean value of the 
angle was 61,1°, or some 5° higher than the very top of the low temperature 
curve. 

The average points of coordination for the twin axes lie within 3 mm from 
the (o10) curve, respectively 1 mm from the [oor] and | [oor] in (oro) curves 
for low temperature orientation. 

The tables show that the average results obtained from the measurements 
of albite, carlsbad and albite-carlsbad twins lie between 79 and 85% anorthite 
on the Tertsch curves for low temperature orientation. Considering that the 
determinations, on which these average values are based, are relatively tew, 
the results agree satisfactorily both internally and with the curves. ‘The aver- 
age values for the pericline twins are far more divergent and unreliable. ‘This 
might partially be caused by the fact that the averages are on only 3 deter- 
minations, and that the lamellae measured are relatively thin and difficult to 
work on. Furthermore, the curves for the pericline twinning might be based 
on relatively few measurements, since in basic plagioclases this twinning is not 


very common. 
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The Chemical Properties 


In order to obtain crystals pure enough for the chemical analysis, the rock 
was pulverized and then separated in bromoform. The first analysis contained 
more femic components than permissible. Therefore a new separation was 
carried out with greater care. The fraction with the density between 2.718 
and 2.766 was selected for the analyses. A microscopic examination showed 
that the crystal powder selected for the second analysis consisted of practi- 
cally pure plagioclase, and that pyroxene grains were rarely found in the 
sample. The femic components in analysis No. 2 are due to minute inclusions 
in the plagioclase crystals, and some reddish-brown spots on their surfaces. 

The normative anorthite content of the plagioclase is practically the same 
in both analyses, 80.2 Wt-% in No. 1 and 80.0 Wt-% in No. 2. This fact 
indicates that the impurities present in the samples analysed do not affect 
the calculations of the normative plagioclase to any noticeable degree. In 
other words: the calculated and actual anorthite content of the plagioclase 
analyzed is identical, and is not influenced by the impurities present in the 
samples. 

The content of normative quartz depends on how the femic components are 
calculated in the norm. If FeO is calculated as ilmenite and all Fe,O, as 
hematite, the Q obtained in both analyses is 2.14 resp. 2.2. If all FeO is used 
as magnetite, nothing is left over for ferrosilite, and Q becomes as high as 


Analysis No. t. Bytownite, Graenavatn in Krisuvik. Analyst: R. Blix. 


9% on Norm 
Si0, 48.63 8097 
‘TO; 0.07 9 
Al,O, 30.44 2986 or= 1.22 
1X (0). 1.40 88 ab = 16.93 
FeO 0.52 Gf an = 73.45 
MnO 0.02 8 Q=2.14—-2.55 
MgO 0.69 171 
BaO 0.01 I or: ab? an = 1.3:18.5:80.2 
SrO 0.012* I 
CaO 15.68 2796 
Na,O 2.00 323 
K,O 0.21 22 
H,O+ 0.28 
EC Ox 0.13 
Cor 0.02 
Total 100.11 


* Spectral analytic determination by St. Landergren, 
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Analysis No. 2. Bytownite, Graenavatn in Krisuvik. Analyst: R. Blix. 


Weight Mol. 


% prop. Aue 
ee ee ee ee 
SiO, 49.12 8179 
TiO, 0.07 9 Or = 1.22 
Al,O, 31.61 3100 ab= 17.83 
Fe,O, 1.01 63 an = 76.29 
MgO O.II 27 Q=2.2-2.9 
CaO 15.43 2751 
Na,O Apert 340 or:ab:an=1.3: 18.7: 80.0 
K,O 0.21 22 
H,O+ 0.30 
lE@= 0.14 
Total 100.04 


2.55 resp. 2.9. The actual content of excess silica is somewhere between the 
extreme values in both analyses. 

As the gabbro seems to be quite fresh, and the thin sections do not reyeal 
any sign of hydrothermal precipitation under the microscope, this excess of 
silica is a remarkable fact. 

On calculating the norm of former analyses on plagioclase crystals gathered 
in Iceland by Bréon (1884), Damour (1850), Forchhammer (1842 and 43), 
Genth (1848), Rath (1871) and Sartorius von Waltershausen (1853), it turned 
out that from twelve analyses only one is definitely negative in the Q-value. 
The other analyses all contain more or less excess silica in their norms. 
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2. The embedding of loose sediments in plastics 
By 


Eric Stahl 


Preparation of the sample in the field 


The method described here has been elaborated in connection with the 
problem of embedding banded clays. It ought, however, to be suitable also 
for the preservation of other loose or plastic sediments, when it is desired to 
preserve their primary structures. So far the method has been successfully 
applied only to the embedding of banded clays, where particular difficulties 

are encountered. 

In the case of banded clays no success can be expected, provided the sample 
is not taken in an appropriate way and with methods and utensils which do 
not disturb the primary structure. In simply using a knife or a spade the 
thickness of the tool produces dislocations along the zones of weakness repre- 

sented by the boundaries between the different layers. For this reason the use 
of a so-called sampling box is advisable, whenever possible. Such a sampling 
box holds the clay sample together, while it is detached from the outcrop by 
means of a steel cutting-wire, and also later. Fig. 1 represents such a box: it 
is simply a wooden frame covered on one side with wire netting (mesh ca. 5 
mm), and provided with a steel wire fixed to one corner of the opposite side. 
The free end of the wire terminates in a cross-pin. The thickness of the sample 
is determined by the height of the frame. One centimetre has been found 
suitable. 

Fig. 2 shows how a sample is prepared in a clay section by cutting around 
the chosen part. The desired sample should project from the outcrop by the 
height of the frame, and should be an easy fit into the latter. After this pre- 
paratory procedure the frame is put over the future sample which is cut off 
with the cutting wire as shown in Fig. 3. 

For the embedding one has the choice of two procedures, the dry and the 
wet method. Particularly if it is intended to use the dry method it is important 
to pick out, before cutting the sample, any pebbles which may be contained 
in it, without, however, damaging the face that shall become the front of the 
preparation. This is necessary on account of the shrinkage of the clay (ca. 10 %) 
occurring in connection with the dry method. The pebbles which do not shrink 
would otherwise cause the cracking of the clay. 
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The dry method 


Preparatory to this method the clay sample is tipped upon a plane support 
which does not warp under the influence of the moisture contained in the clay, 
and which is best a piece of sheet metal. A few layers of newspaper prevent 
the clay from sticking to the sheet metal, and permit the clay to move in 
connection with the shrinking. The whole is now covered with a sheet of plastic 
which is turned every other day. Thereby the condensed moisture upon its 
lower side is removed from the clay. If possible the clay ought to be turned, 
and placed face downwards upon fresh paper every time the plastic sheet is 
removed and turned round. This prevents one face of the clay from drying 
faster than the other, which would result in warping. When the clay has 
gradually assumed a light-grey colour it is for some time left uncovered. 
Finally the still remaining moisture is driven out by very gentle heat. Then 
the face of the clay which is to become the front of the preparation is painted 
repeatedly with cellulosa varnish diluted with an equal amount of acetone. 
The off-side must not be painted, as the air must have the possibility of escap- 
ing. The dry preparation is now ready for embedding. 


The wet method 


The clay sample is best left in the sampling box lying upon the wire netting 
as shown in Fig. 4, the whole being placed upon a sheet of plastic. The box 
is covered with cloth saturated with diluted alcohol, and the plastic sheet 
folded over it in order to prevent the alcohol from evaporating. This should 
on the contrary penetrate into the clay, and drive out the water. The cloth is 
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changed every day, using increasingly higher concentrations of alcohol until 
absolute alcohol is reached. This procedure is repeated, but now with xylol 
instead of alcohol, allowing the same time as before. The sample is then ready 
for embedding: 


Moulds and embedding 


The embedding material being fairly expensive, it is good economy to make 
a mould of appropriate size for every preparation. A suitable material is a sheet 
(o.5—1.0 mm thick) of cellulose acetate. This is cut to size, about 2 cm being 
added to all dimensions of the sample. The seams are cemented together by 
moistening with acetone. The resulting box of cellulose acetate is turned with 
the bottom up, and covered with a strengthening layer of plaster, as shown in 
Figs. 5 and 6. 

The material used for embedding is Castolite (manufactured by the Castolite 
Company, Woodstock, Ill., U.S.A.) with the addition of hardener. The pro- 
motor which is likewise supplied by the makers of Castolite should not be 
used in this embedding. The pouring is done in three phases, producing what 
might be termed bottom layer, middle layer, and covering layer. After the 
mixing of Castolite and hardener heat is liberated which speeds up the con- 
solidation of the mass. If an excess of hardener is used the resulting amount of 
heat can produce cracks in the solidifying plastic. For this reason the amount 
of hardener should be adjusted to the thickness of the layer according to the 


following figures: 
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Number of drops of hardener 


Thickness of layer of plastic for 300 cc of liquid plastic 
up to 0.5 cm y 50 
I-I.5 cm 25 
2.5 cm and above 1G 


After the hardener has been added to the liquid plastic the mixture is stirred 
swiftly and thoroughly with a glass rod. It is then poured into the mould, 
where it assumes within 25-30 minutes a gelatinous consistency, and forms 
the so-called bottom layer. Using the same proportions a new quantity of the 
plastic material is mixed, and poured upon the relatively stiff bottom layer, 
whereupon the clay sample is immediately immersed, with the front side up, 
into the plastic before this has had time to become more viscous. The entire 
work connected with this middle layer has to be carried out as fast as possible. 
A third quantity of liquid plastic is mixed, and poured on as soon as the middle 
layer has set sufficiently. In this layer the amount of hardener ought to be 
curtailed, so as to allow air which might be present, to escape. 

Air bubbles which stick to the clay or which appear first after the covering 
layer has started to become gelatinous can be removed in the following way. 
First a drop of xylol is applied to the covering layer above the air bubble. 
A needle is then pushed through the drop of xylol and through the covering 
layer until it reaches the air bubble which is thereby enabled to ascend. The 
xylol adhering to the needle prevents the formation of greyish flaws which 
otherwise result. 

After the embedding of the clay sample the preparation must under no 
condition be placed into an oven. It is, however, possible to speed up solidi- 
fication by means of a 100 watt incandescent bulb placed 15—20 cm from the 
surface of the plastic. When, after some time, the Castolite has solidified, the 
plaster cover is carefully knocked off, and the mould of cellulose acetate re- 
moved. ‘The Castolite can then be cut with a saw, and ground with glass paper 
to any desired shape. Polishing is best done with polishing wax, applied to a 
rotating felt disk. 


Palaeontological Institution, Uppsala, October 1957. 
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DEEP BORING ON GOTSKA SANDON. I 


3. The Submarine Morphology of the Baltic 
Cambro-Silurian Area 


By 


Anders Martinsson 


AssTract.—The extension and major morphology of the Cambro-Silurian escarpments, the 
clints, are outlined in the light of the deep boring on Gotska Sandén, the island ca. 40 km N of 
Gotland. The Ordovician and Silurian submarine clints and their connections with the supra- 
marine clints of Sweden and Estonia are shown in maps and profiles. Some remarks on Pre= 
glacial features in the landscape discussed are added. 
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Introduction 


This study was begun in connection with the deep boring through the 
Ordovician and Cambrian strata of Gotska Sandén (THORSLUND 1958) in order 
to illustrate the situation of the core in the landscape of Palaeozoic rocks 
forming the floor of the greater part of the central Baltic. By this boring, in 
the summer of 1957, the bedrock surface of the Ordovician between Oland and 
Estonia was reached for the first time. 

An attempt to construct isobaths with an equidistance of 10 metres on the 
nautical coast charts on the scale 1:200000 gave unexpectedly good results as 
far as the Cambro-Silurian morphology is concerned. In this even landscape, 
levelled further by Quaternary deposits, there are very few cases where the 
contours can be drawn in alternative ways between the depth figures. ‘The same 
charts, however, are almost useless for the construction of an approximately 
correct picture of the much dissected sea floors of Archaean rocks along the 
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Swedish mainland. A joint valley, for example, may occasionally be indicated 
only by one or a few depth figures which can exceed the neighbouring ones by 
70-80 metres, and the result of an objective interpolation would, in the extreme 
case, be a narrow hole in the bottom instead of a fissure-shaped structure. 

There is a general lack of detailed contoured charts of the parts of the Baltic 
concerned. Generally the equidistance of the contours on these maps (see 
e.g. GIERE 1938, LUNDQVIST 1957) increases with the depth so that it is im- 
possible to compare floors near the coast with those of the open sea, which is 
obviously partly due to the fact that the sparser soundings made for the marine 
charts in the open sea do not encourage the construction of contours. Even if 
a contour is largely determined by the extent of the Cambro-Silurian clints 
(see the 100 m isobath in LunpgvisT, /.c., and in FRoMM 1943, Fig. 5), the 
chart gives no information about the existence of an escarpment almost coinci- 
dent with the contour in question. 

There are, however, a few special maps illustrating the sea floor morphology 
of parts of the area treated here. WITTING’s map of the Gulf of Finland 1910, 
with 20 m contours down to 100 m, includes the strip of Cambrian strata N 
of the Estonian clint. NILSSON (1913) interpolated a chart with 20 m contours 
on the current edition of the coast chart for the waters around Gotland, com- 
prising parts of the clints, but obviously the depth records were not sufficient 
to illustrate the continuity of the Ordovician clint and the clint forming the edge 
of the Karlsé Shelf. FRomMM (1943) used the primary echo-sounding charts of 
the Royal Hydrographic Survey (Kungliga Sjokarteverket) for a very detailed 
chart of the Archaean floors W, N, and NE of the Landsort Trench. Unfortu- 
nately this excellent chart does not reach the clints, but the accompanying paper 
contains the first empiric identifications of the submarine Ordovician clint (see 
below). Some months later NORDENSKJOLD (1944a) published a contoured 
chart of northern Kalmarsund where the submarine parts of the clint of Oland 
are illustrated in 3 m contours. 

The morphological connection between the Cambro-Silurian strata was 
shown in principle already by ScumiptT (1881, Fig. 8, and 1891). His profile and 
map have been and are still reproduced and redrawn in numerous papers. At 
about the same time Dames came to the same general view but interpreted the 
details in the Silurian stratigraphy in a different way (ScHMIDT 1891, p. 381 
etc.). On SCHMIDT’s map (1891) the limits of the Cambrian, Ordovician, and 
Silurian strata are drawn northwards in protracted arcs towards Aland, owing 
to the presence on Aland of boulders which later proved to come from the 
South Bothnian area. WIMAN (1901, Fig. 5) published a map which is a fairly 
independent variation of SCHMIDT’s map, with the Upper Ordovician Porkuni 
(then Borkholm) beds striking along the coast of Gotland and touching the 
SE coast of Gotska Sandén. TAMMEKANN, in his monography on the Baltic 
clint (1940), published a map (op. cit., Fig. 1) showing the clint arc from Oland 
to Estonia. A modern variation of this series of maps is that of SuJKowskKI (1946), 
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also sketching the limit of the Devonian in the Baltic. A map showing the 
Silurian clint connections between Osel and Gotland—Scumunt’s and his 
followers’ maps showed the limit of the Silurian—was published by AALOE 
(1956). 

The submarine Ordovician clint as a morphological feature was identified 
on sea charts by ELisaBeTH BUcHTING (1918, p. 47). GreRE (1938, Fig. 4), 
guided only by the dip of the Subcambrian peneplain and on the knowledge 
of the Silurian-Devonian boundary in the Talsi (Talsen) area in Latvia, con- 
structed a semischematic profile through the Palaeozoic of the Baltic. This 
profile is entirely corroborated by later investigations. The Ordovician clint 
is quite correctly identified as the escarpment of the ‘“‘westgotlandische Treppe”, 
and GIERE (op. cit., p. 76) is the only author to mention the irregular shape of 
the clint which “‘zieht ... sich unregelmissig, in grdsseren und kleineren 
Buchtungen, soweit das diinne Lotungsnetz erkennen lasst, auf die gotlandische 
Sandinsel zu”. On his morphological map, however, the Ordovician clint unites 
with the Silurian clint of Gotland near Gotska Sandén, and the geological 
character of this island is very vaguely discussed (op. cit., p. 8). 

FROMM (1943, pp. 159-161, Fig. 7), uniting the Subcambrian peneplain 
with the Archaean surface in the cores of Visby and File Haidar and using the 
thickness of the Cambrian and Ordovician strata in the cores as reference 
surfaces, confirmed the earlier schematic profiles by detailed empiric data. 
A profile by GEJSLER (1956), based on the numerous borings perforating the 
Russian platform, shows the continuation of the Cambro-Silurian strata under 
the Devonian of Latvia. 

There are, then, several authors treating or touching upon the problems 
concerning the clint morphology and the distribution of Palaeozoic rocks at the 
floor of the Baltic. The clints have been identified in profiles, but very little is 
known about the continuity of the clints and their extension on the map. 

In the present study the illustrations are essentially based on the Swedish 

coast charts No:s 329, 330, and 331, issued in 1950, 1952, and 1955, respectively. 

The contour chart (Fig. 1) is constructed exclusively on these three modern 
charts. As Mercator’s projection is used, the part of this chart falling within 
No. 329 has been redrawn graphically for the mean parallel 58° N used in Nos 
330 and 331. The coast charts No. 24 (1903) and 332 (1945) and the Finnish 
chart No. 994 (1954) have been used for comparative purposes (in Figs. 2, 10, 
and 11; complete data for the charts on p. 33). 

The interpolation of isobaths between as sparse sounding records as those on 
the coast charts gives a fairly generalized view of the bottom morphology. ‘The 
primary sounding charts, which have not been used in this investigation, offer 
material for more detailed study of the clints as far as areas near the coast 
are concerned—the somewhat more detailed contours near the coasts in Fig. 1 
are adopted directly from the nautical charts and are constructed on a greater 
sounding frequency. The deeper parts of the central Baltic, however, which are 
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of critical interest in morphology but of little interest for navigation, need a 
special investigation by echo sounding before the view of the Baltic clint 
systems can become sufficiently complete. 


The Ordovician clint complex 


The term clint used in this study is originally a Danish and Swedish word (Rlint, 
synonymous with lev), signifying an escarpment, particularly in sedimentary rocks, 
without pointing out its morphogenesis (usually it comprises marine abrasion cliffs 
and fluviatile erosion scarps in Palaeozoic and Cretaceous rocks). The word was adopted 
already in Middle English and is recorded in its English form by BauLic (1956). 
Unfortunately the word clint also occurs synonymously with grike, signifying a type 
of hollows formed by karst weathering. The literary German word Glint is widely used 
in German literature about Estonia and has also appeared in Swedish and English (e.g. 
‘TAMMEKANN 1940). It should be stressed that in the Baltic area its meaning is consider- 
ably more restricted than is stated by BAULIG (op. cit., p. 126: “‘tous ces mots’ —Glint, 
klints, klint, and clint—“‘signifient simplement ‘rocher’’’). The corresponding Estonian 
word is paekallas; for the separate clint lobes and promontories the word pank (pl. nom. 
pangad) is used in western Estonia. 


The “Ordovician clint complex’ consists of an almost continuous, but 
indented and lobated clint arc from the western coast of Oland to the northern 
coast of Estonia (Fig. 2). Its basal part consists of Cambrian rocks, dominated 
by the Lower Cambrian sandstones, in the East Baltic area by sandstones and 
the “Blue Clays’. Middle Cambrian, Upper Cambrian, and Lower Ordovician 
shales with subordinate sandstone and stinkstone beds form the basal part of 
the clint on the southern half of Oland, but the only important part of these 
shaly elements in the area treated here is the Middle Cambrian Paradoxides 
oelandicus shale, thinning out and disappearing between the bores of File 
Haidar and Gotska Sandon. In Estonia, again, the Lower Ordovician Obolus 
sandstone, Dictyonema shale, and Glauconite sandstone form an important 
component of the clint front. The hard crest layers of the clint, however, which 
primarily cause the steepness of the escarpment, consist of Lower and Middle 
Ordovician limestones. The limestone cover is usually fairly thin at the actual 
clint margin. In Estonia, where the clint margin is developed in the Uhaku, 
Lasnamagi, and Aseri beds (cf. GIERE 1932, ORVIKU 1940, and 'TAMMEKANN 
1940), the limestone cover is usually about 10 m thick, often thinner, but seldom 
considerably thicker (cf. the profiles in TAMMEKANN 1940). ‘The clint crest on 
Oland is developed exclusively in Lower Ordovician beds, from the Raniceps 
beds (BOHLIN 1955, Fig. 4) down to the lowermost parts of the Limbata lime- 
stone (REGNELL 1942, TJERNVIK 1956, pp. 145-147). Che thickness of the lime- 
stone cover at the clint margin decreases in some places to a few metres. 

The submarine clint is obviously developed in the same way. The thickness 
of the Cambrian in the profiles presented here must be extrapolated from the 
existing cores. The Béda Hamn core, with a thickness of the Cambrian of 
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Fig. 2. The main features in the clint morphology of the Baltic. 


Legend: Black triangles: The Ordovician clint complex. White triangles: The Silurian clint 
complex. Angles with dots: The Devonain slope towards the Middle Baltic Depression. Spaced 
signs indicate gentler slopes. BH: Boda Hamn. FH: File Haidar. GS: Gotska Sand6én. HB: 
Hall Banks. K: Knoll’s Bank. KB. Klint Bank. KS: Karlso Shelf. LT: Landsort Trench. MBD: 
Middle Baltic Depression. NFD: Norther Far6 Depression. SFD: Southern Far6 Depression. 
S: Salvorev. T: Tvaren. V: Visby. W: Ventspils (Windau). 


123,2 m (WARN 1952) shows the conditions near the clint of northern Oland. 
In the Gotska Sand6én core (‘THORSLUND 1958) the Cambrian is 72,5 m. To- 
wards the centre of the Baltic it becomes thicker—141,7 m at Visby (HeEp- 
STROM 1923) and 157,3 m at File Haidar (THORSLUND & WESTERGARD 1938). 
The Cambrian of Ostergotland is 50,7 m thick (WESTERGARD 1940), but its 
palaeogeographic relations to the Baltic area are very little known. In the Tvaren 
sequence (‘THORSLUND 1940) the Middle Ordovician lies directly on the Ar- 
chaean.—Eastwards, along the coast of Estonia, the thickness increases (cf. 
the diagram of the Cambrian in southern Baltoscandia, Fig. 3 in Wa&RN 1952). 

In the profiles, therefore, the thickness of the Cambrian is presumed to 
decrease along the clint from northernmost Oland to Gotska Sandon. The re- 
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_ ference level for the bottom of the Cambrian is the projection of the Sub- 
, cambrian peneplain (RUDBERG 1954, Pl. 1) as exhibited in the sea bottoms of 
Precambrian rocks in front of the clint. This surface is well connected with the 
: Archaean surface in the cores, but cannot, of course, be used infinitely (the 

Cambrian substratum further SE is mapped by Geyser 1956, Fig. 1; cf. Fig. r1 
in this paper). 


OLAND-LANDSORT TRENCH. The clint N of Oland forms two lobes 
separated by a narrow, 40 m deep valley. The southern lobe, bounded by the 
» 30 m contour, is developed in Cambrian rocks and is evidently covered by 
» glacifluvial deposits from the esker of Angegirds udde. The other lobe, the 
' Northern Bank of Oland (Olands norra grund) has steeper features and is 
| possibly also crowned by an esker ridge reaching 4,4 m. Here the clint bends 
eastwards, and gradually changes into a gentler slope until it regains its steeper 
| forms in the Knoll’s Bank area (K in Fig. 2). The clint of Knoll’s Bank is about 
> 85 m high. It is separated by a valley from the more continuous clint feature 
| which reaches the region just south of the Landsort Trench (LT in Fig. 2). The 
valley in front of this clint is 150-200 m deep and the crest is at about 100m below 
sea-level; only in one place is there a local elevation reaching 58 m. This part 
of the clint is locally broken by valley mouths. NW of Visby it runs practically 
straight for a stretch of 35 km before it is broken by 150-160 m deep valley, 
SW and W of which it forms two or possibly three outliers. 


LANDSORT TRENCH AREA. About 13 km SE of the southern end of 
the Landsort Trench, immediately NE of the deep valley just mentioned, 
there is a ridge, evidently of Archaean rocks, projecting SE towards the Cambro- 
Ordovician clint. The upper surface of this ridge reaches about 100 m (93 and 
105 m recorded in Fig. 1). It is bounded in SW by a joint valley (154 m in 
Fig. 1) merging into the front valley of the clint. In NE it is bounded by another 
joint valley (163 m), separated from the Landsort ‘Trench by another, narrower 
ridge (119 m). A lobe of Cambro-Ordovician (56 m) seems to “ride” over the 
first-mentioned Archaean ridge. A separate hill on this ridge, probably Palaeo- 
zoic, reaches 75 m. 

It is worth noting that the T'varen area (‘T), where the Middle Ordovician 
lies directly on the Archaean (Lower Ordovician is represented as pebbles in 
the basal conglomerate), is situated just in the direction of this ridge. ‘I'varen 
is situated in the middle of a triangular Archaean block whose apex is near the 
southern end of the Landsort Trench. These features are very well illustrated 
in the chart by Fromm (1943, cf. the morphological map in Fig. 2 and the 
text, p. 144). Unfortunately it cannot be fully established whether the ridge 
discussed here continues into the triangular block or into a rib-shaped block 
extending towards the Landsort archipelago. As pointed out by From (op. cit., 
p. 144) the Havringe and Klemmingen-Sillen valleys limiting the very even 
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triangular block both disappear in the squares D 12 and E 12 on FRoMM’s 
chart. (A comprehensive discussion of the age, origin and actualization in the 
recent relief of the joint morphology is*fqund in RUDBERG 1954, pp. 36-48). 

The conditions in this area have been discussed here in some detail as the 
sequence known from boulders from T'vdéren shows that the Cambrian and 
Lower Ordovician thin out and disappear in a smaller or larger area. The exis- 
tence of the above mentioned ridge between the front valley of the clint and 
the Landsort Trench provide an indication that the Cambrian may thin out, 
primarily, or very likely by denudation in Ordovician time, over an elevation 
in the peneplain reaching the clint region. The material used in this study can 
hardly provide more than a suggestion, and the bottom topography of this part 
of the Baltic is so influenced by the evidently Tertiary disturbance forming the 
Landsort Trench (FROMM, op. cit., p. 157), that the ridge might well have 
an entirely different origin. Nor can it be excluded that the ridge might be a 
spur of Cambrian rocks uniting the Archaean landscape with the clint, though 
the joint valleys can be traced along its sides. 

One of the profiles, Fig. 6, cuts the clint immediately SW of the ridge. 
The Cambrian is tentatively drawn after the same norms as in the other profiles. 


LANDSORT TRENCH-GOTSKA SANDON. Between the southern 
end of the Landsort Trench and Gotska Sand6n there is no marked clint 
feature. The bottom slopes gently down towards the inner margin of the 
trench. The contours form wide arcs towards the inner margin of the trench. 
The depth records are very sparse in this area, and the topography is definitely 
much more complicated than shown by the map. Whether the absence of a 
detectable clint should be put into connection with the Landsort ‘Trench disturb- 
ance is impossible to judge from the present material, though it does not seem 
unlikely that a considerable area south of the trench should have subsided at 
the time of its formation. Theoretically there is a possibility, too, that the 
absence of a clint is due to the absence in this entire area of the easily eroded 
Cambrian strata. 


HALL BANKS. South of the area last described there is a region of extensive 
hills here called the Hall Banks (HB in Fig. 2). The main summits of the outer 
hills reach 35, 41, and 42 m below sea level. The inner hills, nearer the coast 
of Gotland, reach 58, 63, 68, and 78 m. As shown in Fig. 6 the major part of 
the sequence of these hills, at least, consists of Upper Ordovician rocks; possibly 
they also contain Llandoverian elements. This is the region where the hard 
white and flint-carrying boulders of Porkuni limestone (Borkholmer Kalk, 
cf. WIMAN 1901) found on Gotland most likely have their origin. 


GOTSKA SANDON AND KOPPARSTENARNA. West of Gotska 
Sandon the clint appears again, extending in N-S direction about 12 km from 
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the island. It projects towards NW in a narrow lobe, the upper surface of which 
lies about 90 m over the surrounding sea floor; a hillock at the end of the lobe 
is over 40 m higher, reaching 27 m below sea-level. The crest of the lobe lies 
about 80 m below sea-level. Quaternary deposits have obviously no consider- 
able thickness on this lobe. Another, very broad lobe projects with its western 
scarp northwards from the NW point of Gotska Sandon. N of Kopparstenarna 
the escarpment is sharply curved, forming a point, and then extends in a straight 
line ESE until it turns southwards after about 30 km, losing itself in a gentle 
slope. 

The ridge from Kopparstenarna over Gotska Sandon and further south over 
Sando Bank to Salvorev is a glaciofluvial deposit. In the Gotska Sandon core 
the bedrock was reached at a depth of 73 m, and the highest point of the dunes 
on the island lies 40 m higher than the boring-place. The Ordovician rocks form 
large surfaces at 70-80 m on both sides of the glaciofluvial ridge. Gotska Sandén 
is evidently situated where heavy marginal moraines have been deposited across 
the esker course—the sandy beaches on the eastern side of the island are sus- 
pended between the boulder caps in the esker and the rows of large blocks in 
Kyrkudden and Saludden. The contours round the island form sharp bends 
over the crest of a marked ridge disappearing about 10 km NW and about 15 km 
E of the island. 

The esker ridge reaches 1 m below sea-level at Kopparstenarna. At Sand6 
Bank, 12 km S of Gotska Sand6n, it reaches a minimum depth of 9,5 m (put 
down as 10m on Fig. 1; a detail of the map is published in larger scale by THors- 
LUND 1958, Fig. 1). 

As pointed out by FromM (1943, p. 151) the notes concerning the bottom 
composition on the charts are not very helpful for the identification of the kind 
of deposit forming the bottom. A thin clay cover may, for example, conceal 
important deposits of coarser sediments. Records of “rock”, “boulders”, 
“stones”, and possibly ‘‘sand” give somewhat more positive indications. It is 
evident that the Gotska Sand6én esker continues from Salvorev (S in Fig. 2) 
southwards over the Klint Bank (KB). Northwards the continuation of the 
esker is not well discerned—‘‘fine sand”’ is recorded in a very broad belt E of 
the southern archipelago of Stockholm. 

Just north of the esker ridge of Kopparstenarna, in the right margin of 
Fig. 1, there is a high, isolated hill. FRomm’s more detailed map (the squares 
K7 and K8) shows that it is developed as a dissected crag and that it is accom- 
panied by another crag some km towards N. FRomM (op. cit., pp. 157 and 167) 
refers to them as the possible origin of the “Baltic porphyry” found particularly 
frequently on Gotska Sandén. Their very detailed morphology and sharp out- 
line seem to indicate that they are not Palaeozoic outliers, and with this 
background it seems still more improbable that they have anything to do with 
the continuation of the Gotska Sandon esker. 
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Fig. 3. Profile and schematic cross-section W 28°30’ N-E 28°30’ S between points A-A in the 
margin of Fig. 1, cutting the Ordovician clint at Knoll’s Bank and the Silurian clint at the 
Karls6 Shelf. 
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Fig. 4. Profiles in the same direction as Fig. 3. The lower profile, between poinst B—B in Fig. 1, 

passes through the File Haidar core and cuts the clints at right angles. The upper profile (C—C) 

cuts the Ordovician clint at the greatest depth of the front valley and the Silurian clint at Irevik. 
B = bentonite. 


THE CENTRAL PART OF THE BALTIC. East of the Gotska Sandén 
lobe the distinct clint feature is interrupted by a valley which is blocked by 
a broad wall (“die Querschwelle des Kernteiles”, G1ERE 1938, p. 82). It lies in 
the continuation of the transversal ridge of Gotska Sandén and obviously 
consists more or less of glacial marginal deposits. Here the sparse soundings 
give a very uncertain picture of the morphology. A hill, with the question mark 
in Fig. 2, might indicate a more or less isolated lobe of Ordovician rocks. 
NE of this hill there is a large lobe, the slopes of which steepen on the NW 
and NE sides; the upper surface of the lobe lies at about 90 m and its base 
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Fig. 5. Profile between points D—-D in Fig. 1, parallel to the profiles in Figs. 3 and 4, cutting 
the southern end of the Landsort Trench and the Cambro-Ordovician sequence of Gotska 
Sandon. 
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Fig. 6. Profile W 54° N-E 54° S between point E in the margin and the Silurian clint at Hall, 
Gotland, past the Hall Banks. The banks further NE are projected into the profile and are 
drawn with dashes. 


between 160 and 200 m. It is separated from the coherent Estonian clint by a 
valley reching 144-146 m. 

The ridge or wall of glacial deposits crossing the Gotska Sandon esker cannot 
with certainty be connected with any feature in Estonia. The continuation 
should probably be sought on or near Dagé (Hitumaa). GIERE (1938, p. 110) 
also suggests glacial deposits as the cause of the complicated morphology of 
this part of the Baltic, south of the transversal ridge, but it is evident that the 
features pointed out by him are the clints in the Jaagarahu rocks (see below). 


CENTRAL BALTIC-NW ESTONIA. Further east the clint can be traced 
fairly continuously on the sea bottom until it reaches the sea-level at Odensholm 
(Osmussaar) and the mainland near Paldiski (Baltischport). At 59° N, 21° W 
it curves sharply round a promontory with a hill reaching 53 m; N of this hill 
and in a narrow valley south of it the greatest depths are 178 m. ‘This area was 
thoroughly mapped by echo-sounding before the last war, but the results were 
kept secret (cf. TAMMEKANN 1949, p. 444). They were studied, however, by 
Optik, who used them in a lecture (the title mentioned in the proceedings of 
the Fourth Meeting of Estonian Natural Scientists; see OpIk 1940 in the ref- 
erences) but never had the opportunity of publishing them owing to the war. 
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The clint is obviously more dissected by transversal valleys (TAMMEKANN, l.c.) 
than shown in Fig. 3 which is based on the public nautical charts. 

No features in the bottom morphology have been demonstrated which con- 
firm Opix’s theory of a vast faulted area of Cambro-Ordovician rocks in the 
mouth of the Gulf of Finland (Oprk 1929, p. 10, Fig. 1, 'TAMMEKANN 1949, 
445, Fig. 1). Oprk founded his view on the distribution of glacial boulders N 
of the outcrop of the corresponding strata in Estonia. This and the older theories 
of faults in front of the Estonian clint were rejected by GIERE (1938, p. 109), but 
TTAMMEKANN (l.c.), for morphological reasons, extends the suggested fault area 
eastwards to the Suurupi (Surop) peninsula. He points to the fact that the 
lobes of a suggested Cambrian clint at the bottom of the Gulf of Finland cannot 
be traced W of Suurupi and that the greatest depths are found immediately N 
of the coast. These conditions, however, are quite normal for the parts of the 
clint complex described above. It is not impossible that the Cambrian rocks, 
the thickness of which increases considerably eastwards along the Estonian 
coast, form separate erosional features N of the main clint, but the borings at 
Kokskar and Wrangelsholm (Prangli), situated on one of the lobes, and at 
VSEGEI in Leningrad (profiles III and IV in GryjsLer 1956, cf. the review and 
references in GIERE 1938, p. 96) show that Quaternary deposits exceeding 
100 m provide considerable sources of error in the morphological identification 
of the lobes and spurs outlined by 'TAMMEKANN (op cit., Fig. 1). 

As pointed out earlier (GIERE 1938, p. 109, MARTINSSON 1956a, pp. 101-102) 
the fault theory of the origin of the “‘foreign boulders” at the mouth of the Gulf 
of Finland has very little foundation in facts. With the present knowledge about 
the submarine clint, the hypothesis that the boulders were transported from 
the clint area by differential movements during the last glaciation must also 
be abandoned (cf. MaRTINSSON 1956a, pp. 96 and 102, 1956b, pp. 101-102). 
A thorough investigation of the composition of the South Bothnian drift in 
the easternmost parts of the distribution area is necessary for the further dis- 
cussion of this problem. 


The Silurian clint complex 


The Silurian clint complex forms an arc of more or less lobed clints along 
the NW coast of Gotland and the north coast of Osel (Saaremaa), continued 
over the sea bottom between these islands. In addition, there are steep slopes E 
of Gotland which are situated in Silurian strata. 


GOTLAND. The westernmost part of this clint arc limits the shelf on which 
the Karls6 islands are situated (KS in Fig. 2). The entire NW coast of Gotland 
is determined by the clint which comprises almost the entire Silurian up to 
and including the Hoégklint limestone. There are a few indentations on this 
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coast, at Lickershamn, Irevik, Kappelshamn, and Farésund. One of them, 
Kappelshamn, is the mouth of a valley, filled by glacial deposits of unknown 
thickness, continuing over Larbro to the Vagume Bay E of Slite. North of Kap- 
pelshamn it merges into the continuation of the front valley towards the Lands- 
ort T'rech area. LINDsTROM (1888) believed this valley to be caused by faults. 
South of Lickershamn and Irevik there are less pronounced depressions with 
mires. 

The larger part of the clint crest reaches between 40 and 50 m above sea- 
level; the bottom of the front valley lies at a depth of about 110 m, in one place 
reaching 120 m. 

The clint curves sharply round Salvorev (S in Fig. 2). The thickness of the 
esker deposits in this area and the exact extent of the esker ridge are difficult 
to estimate. The sand masses form vast areas of dunes on Faré Island. The 
sharp outline of Salvorev suggests that the Silurian strata lie near the surface. 
East of Salvorev the escarpment occupies the contours between 20 and 120 m, 
east of Fard between 70 and 130 m, and east of the southern end of Farésund 
the contours between 120 and 180 m converge into a separate scarp, outside 
the margin of Fig. 1. Altogether the clint extends from Salvorev about 50 km 
towards SE. The base is evidently situated in the lowermost Silurian rocks 
present in the area. The contours are finally sharply bent in a valley at long. 
E 10°48’ and then reach the margin of the chart used. 


THE KLINT BANK AND THE MIDDLE BALTIC DEPRESSION. 
The Klint Bank (possibly Klint’s Bank, KB in Fig. 2) is limited by slopes or 
escarpments in Silurian rocks. The crest of the bank reaches 26 m and the 
adjoining sea-floors 105-120 m. ‘he bank obviously lies in the continuation of 
the Gotska Sandon esker, and glacial deposits may form parts of it. Probably 
the bank is developed in reef limestone. The steep slope limiting the Middle 
Baltic Depression (MBD) towards W is also developed in Silurian rocks, the 
eastern slope reaches up into the Devonian. ‘lhe conditions in this part of the 
area are illustrated in a profile (Fig. 9). 


CENTRAL BALTIC AND OSEL (SAAREMAA). Along the northern 
coast of Osel clint lobes are developed in the Wenlockian Jaagarahu beds (AALOE 
1956). They have an irregular continuation over the sea bottom to the Northern 
Faro Depression (NFD). The depression is limited on the eastern side by a 
fairly steep slope. These clints lie higher in the sequence than the coast clint 
of Gotland, and comprise chiefly the Jaani and Jaagarahu beds which constitute 
the Wenlockian of Estonia. The clints of northern Osel are of about the same 
size and dissected appearance as the inland clints of Gotland. 
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The distribution of Cambrian, Ordovician and Silurian 
rocks at the floor of the Baltic 


The clints provide valuable features for the estimation of the horizontal dis- 
tribution of Palaeozoic rocks at the sea floor. The boundaries between the 
systems are drawn in Fig. 10. Some remarks are added here on the construction 
and the exactness of the map. 


CAMBRIAN. The Kalmarsund sandstone, regarded as Precambrian by 
ASKLUND (1927), is not differentiated on the map. The coherent belt of Cam- 
brian is drawn according to the geological maps (MUNTHE & HEDSTROM 1904, 
HepstroM & WIMAN 1907), which are based on relatively few observations of 
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Fig. 7. Profile N7° E-S 7° W between the 
KILOMETRES Gotska Sand6n core and point F in the mar- 
300.1 ¢ 9 20 % [,. gin of Fig. 1. B = bentonite. 


Cambrian bedrock. Along the Swedish coast the Cambrian border is estimated 
to lie where the joint features of the Archaean lose themselves in the smoother 
floors of the front valley of the clint. The profiles published here and conditions 
known from the Kalmarsund area both suggest that the Cambrian cover at the 
sea floor is very thin, and it is probable that residual hills of different kinds on the 
Subcambrian peneplain reach through the surface as is known from Skalléarna 
(Skallardarna) and Jungfrun in Kalmarsund. 

At the ridge S of the Landsort ‘Trench the Cambrian possibly occupies a 
narrower belt; this area, however, requires a special study as to the Cambrian- 
Archaean boundary (cf. p. 17). South of the Landsort Trench the details in 
the distribution of the systems are almost impossible to reconstruct, owing to 
the absence of a distinct clint. Around Gotska Sandén the Cambrian belt might 
be somewhat narrower than in the Kalmarsund area owing to the smaller thick- 
ness of the Cambrian sequence and the nearness of Archaean features in the 
bottom; the thickness of the sequence, and probably the width of the Cambrian 
belt, increase towards the Gulf of Finland where a rough limit can be drawn 
south of the more dissected bottoms along the coast of Finland. 

In the Gotska Sand6n core the Lower Cambrian rests with a conglomerate 
on a deeply weathered, presumably Precambrian sandstone (THORSLUND 1958). 
It is, of course, not known if this sandstone occupies any area outside the belt 
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Fig. 8. Cross-section between the cores of File Haidar and Gotska Sandén. MC signifies the 

Middle Cambrian which thins out towards Gotska Sand6én and disappears at an unknown line 

between this island and Gotland. B signifies the bentonite horizons in the Lower Chasmops 
beds, drawn, owing to the scale, as a single line. 
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Fig. 9. Cross-section W 8° N-E 8° S from the Vastervik region to the core of Ventspils (Windau) 

on the Latvian coast, cutting the Ordovician clint N of Knoll’s Bank, the Silurian clint at the 

Visby core, the northern part of Klint Bank (the higher parts are projected into the figure by 
lines of dashes), and the Middle Baltic Depression. 


of Cambrian rocks. Its thickness at Gotska Sandon and its age relationships 
to other Precambrian sandstones in Baltoscandia are still unknown. 

The Cambrian has a large number of small outliers in the Archaean, mostly 
consisting only of joint fillings, “dikes”. Cambro-Silurian outliers, including 
localities suggested by the distribution of boulders, are summarized in a map 
by Rupperc (1954, p.l 1). Fig. 10 in this paper comprises those dikes and the 
one larger outlier which are found as bedrock and are published (GavELIN 1904, 
SVENONIUS 1905, WIMAN 1918, LUNDQUIST 1920, HoLMQvVIST 1920, ASKLUND 
1923, VON ECKERMANN 1928, SUNDIUS 1928, HJELMQVIST 1939, and NORDEN- 
SKJOLD 1944a; in Finland according to MarTINssON 1956b, Fig. 1). NorpeEn- 
SKJOLD (1944, p. 40) reports 146 dikes from the area investigated by him, but 
unfortunately they were not published before his death. 
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Fig. 10. The submarine distribution of Palaeozoic rocks at the floor of the Baltic. The lines 

of dashes indicate those parts of the boundaries which do not join morphological features and 

therefore are less well established. The rings indicate fissure fillings (“‘clastic dikes’’) in the 
strongly jointed Archaean rocks. 


ORDOVICIAN. The Cambrian-Ordovician boundary can be traced very 
exactly as far as a distinct clint feature is present; in principle it almost coincides 
with the clint crest. In Estonia it is drawn according to JAANUSSON & MARTNA 
(1951). 

In the central Baltic the conditions are more uncertain. It is evident that both 
the Cambrian-Ordovician and the Ordovician-Silurian boundaries have been 
moved southwards by erosion to considerable extent. ‘The morphological back- 
ground is discussed above (p. 15). 


SILURIAN. As shown in the cross-sections, the Ordovician-Silurian bound- 
ary may be expected to run relatively near the coast of Gotland. The Hoburg 
Bank and, evidently, the Mid Sea Bank are Silurian, but it is impossible to 
draw the boundary exactly as there are no clint features south of the Karlsé shelf. 
The boundary curves round Salvorev at an unknown distance; the Silurian 
does not reach Gotska Sandon. It proceeds southwards round the Faré depres- 
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Fig. 11. The depth of the Palaeozoic substratum below the present sea-level as known from 
the existing deep borings. The parts east of the Baltic, slightly adjusted in accordance with the 
profiles, are adopted from GEJSLER 1956. The figure shows the gentle slope of the Subcambrian 
peneplain towards the very deep depression under Konigsberg (Kaliningrad) and Tilsit (Sovetsk), 
where the Ludlovian sequence increases immensely and is overlain by Permian, Mezozoic and 
Kainozoic sediments. In the right hand margin the Lokno horst of Precambrian rocks locally pro- 
trudes through the entire Cambro-Silurian and is overlain by Devonian beds. As known from 
the Precambrian inliers and domes in the Kalmarsund region the Subcambrian peneplain is 
not so éven as this diagrammatic picture might suggest. 


The black dots indicate borings reaching or continuing into the Precambrian. The depths 
are in metres. 


sions (SFD and NFD in Fig. 2) and, without any steep feature, further to 
Dagé (Hiiumaa). The boundary in Estonia is drawn according to JAANUSSON & 
MArTNA (1951). 

It is doubtful whether there are any Silurian outliers in the area. The Hall 
Banks are touched by the projection plane of the Ordovician-Silurian boundary 
under Gotland, but it is not very probable that the erosion has left anything of 
the marly Llandoverian sediments on the summits of the hills of hard Upper 
Ordovician Limestone. 
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DEVONIAN. The Silurian-Devonian boundary, finally, is found in the 
eastern slope of the Middle Baltic Depression (cf. Fig. 9). It passes through the 
Irben Sound, probably somewhat nearer. to Osel than to the Latvian coast. 
The boundary in Estonia is drawn according to ORVIKU (1930) and JAANUSSON 
& Marina (1951). 


Preglacial features in the Palaeozoic landscape 


It is generally stated that very little is known about that great part of the 
history of the Baltic region which is marked by the sedimentological hiatus 
from the Silurian to the Holocene. The erosional work of the Pleistocene 
glaciers is regarded as so dominating a factor in the genesis of the landscape 
that its morphology immediately before the glaciations has been very little 
discussed. There are, however, conditions caused by the glaciations which are 
as important in this respect as the ice erosion: we do not know from what level 
the land warp under the ice masses started, although some guidance is given in 
the calculations of the remaining land upheaval (NISKANEN 1939, Appendix 2); 
we know very little about the distribution of land and sea during the intergla- 
cials; nor do we have a comprehensive view of the effects of fluvial erosion and 
marine abrasion in Late Quaternary time. 

Modern aspects on the origin of the Baltic have been summarized by GIERE 
(1938), NORDENSKJOLD (1944b) and, especially, in FRoMM’s lucid outline (1943). 
The only special treatise on preglacial features in the Cambro-Silurian land- 
scape is that by TAMMEKANN (1949). 


For the entire Baltic GrERE completed the picture of the cuesta landscape outlined in 
Estonia originally by ScnmiptT (1881, Fig. 7). He does not discuss the drainage in detail 
but states that the rivers from the Bothnian area and the Gulf of Finland must have 
collected in the trough N of the central part of the Cambro-Ordovician clint. The origin 
of the cuesta landscape is dated to the Lower Devonian and its rejuvenation to the Ter- 
tiary; the Devonian extension of the clint is believed to coincide roughly with the flexure 
in the peneplain round the Cambro-Silurian area suggested by several authors; thus 
the Cambro-Silurian areas on the Swedish mainland and in the Bothnian sea were 
isolated from the coherent Cambro-Silurian of the Baltic. Fromm, referring to TROEDS- 
SON (1927), regards the Cambro-Silurian as still having covered the central and northern 
parts of the Baltic in Mesozoic time forming a more or less peneplained surface in the 
continuation of the Fennoscandian block and across the Baltic. The origin of the cuesta 
landscape is attributed to a Tertiary upheaval of the marginal areas. NORDENSKJOLD 
applies GiERE’s view to the Kalmarsund region, where a preglacial valley is said to have 
been formed by subsequent fluviatile erosion in preglacial time. This valley was deepened 
by glacial erosion, and finally the clint of Oland was formed by marine abrasion. TAMME- 
KANN mapped and comprehensively described the Estonian cuesta landscape, also in- 
cluding the minor cuestas between the clint features treated here. His map (op. cit., 
Fig. 1) includes the main preglacial valleys in the area; they form, however, an anastomos- 
ing network which does not reveal much about the drainage. The dating of the processes 
is about the same as GIERrF’s (GIERE’s papers, however, are not quoted by TAMMEKANN 
1940 and 1949). 
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TTAMMEKANN differs from Gere in stressing that the valleys causing the lobated 
morphology of the clint are preglacial (cf. TAMMEKANN 1926, p. 127). GIERE believes 
that the clint was moved by glacial erosion southwards from a line Tytarsaaret (Klein- 
Tiitters, Gross-Tiitters)—Lavansaari (Lévé)—Seitskir (Seitskaarto, Seiskari) to the 
clint along the Bay of Narva, and in his later paper (1949) TAMMEKANN postulates a 
considerable recession southwards of the clint owing to glacial erosion. 

The main condition for the discussion of preglacial features in this morphology is 
an estimation of the influence of glacial erosion and the distribution of glacial deposits 
at the bottom. FrommM discusses both problems and concludes that both factors have 
very little influence on the major morphology; the selective glacial exaration, however, 
has played a considerable part in the joint-and-fault landscape discussed. 

The Cambro-Silurian area treated here lies in the region characterized by dominant 
glacial erosion; to illustrate the contrast with the more peripheral accumulation region, 
the profiles in GrJsLeR (1956) might again be quoted. It must generally be agreed that 
the glacial deposits in the erosion area cannot be expected to have any considerable 
influence in a map with 10 m contours such as Fig. 1, but the borings at e.g. Gotska 
Sandén, Kokskaér (Mickwitz 1907), and Rahumigi (KENTS 1938) show that there are 
considerable glacial deposits in the Gotska Sand6n area and in front of the clint (as Dr. 
VY. JAANUSSON has kindly informed the author there are several borings from the clint re- 
gion showing the same conditions, some of them published by Mickwitz and THomson 
in papers which are not accessible in Sweden). Obviously the morphology of the depres- 
sions in the Central Baltic is complicated by glacial deposits in a similar way. It is possible 
that a considerable part of these deposits derives from the large masses of unconsolidated 
or little consolidated Cambrian sediments in front of the clint. 

FROMM suggests a preglacial erosion basis in his area at 90-100 m below the present 
sea-level owing to the fact that the joint valleys dissolve at about this depth. It is very 
probable, however, that these conditions mark the morphological boundary between the 
Archaean and the Cambrian landscape. Obviously a joint valley from the Valdemarsvik 
region is still traceable at 130 m. 


The present investigation brings out some of the major features in the pre- 
glacial drainage, but it also points to some details which complicate the earlier 
and more abstract view of the Baltic cuesta landscape. The development of 
this landscape may be summarized as follows: 

After the epeirogenetic movements which interrupted the sedimentation in 
the area at the end of the Silurian, the Palaeozoic strata formed a very shallow 
basin. The Middle Devonian transgression possibly resulted in a temporary 
covering of considerable areas of the Cambro-Silurian, but for the rest of the 
Palaeozoic and Mesozoic the strata were subject to river erosion. The consider- 
able lapse of time and the absence of traceable disturbances makes it very prob- 
able that the erosion resulted in peneplanation. We do not know, however, 
to what extent this peneplain is preserved in the present relief, but it is incorrect, 
or a very wide generalization, to regard the surfaces cutting the strata of Oland, 
Gotland, and Estonia as parts of a common peneplain. In connection with the 
Tertiary uplift of the marginal areas a rejuvenation of the drainage system took 
place, and the main features in the present cuesta landscape were formed. 
The subsequent drainage system and the obsequent drainage across the cuesta 


margins can be traced to some extent. 
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The valley in front of the clint of Gotland has its origin (its highest point 
in the present morphology) south of Oland. It passes immediately W of the 
Southern Bank of Oland and then bends eastwards towards Gotland, obviously 
taking tributary valleys from the North Midsea Bank. It reaches the Silurian 
clint W of the Karlsé islands; the formation of the Karlsé Shelf is due to the 
fact that the erosion penetrated into the soft Llandoverian strata in this region. 
The valley descends from 50 m below sea-level south of Oland to almost 120 m 
W of Gotland, where it continues along the clint and loses itself towards the 
Landsort Trench E of the Hall Banks where two alternatives in the system of 
anastomosing valleys are possible. The bays on the northern coast of Gotland, 
especially Kappelshamn, apparently mark valleys in the obsequent drainage. 
In interpreting the direction of the subsequent drainage in front of the clints 
of Gotland and Oland we are greatly hampered by our limited knowledge of 
the Prequaternary height conditions in the region, but the drainage pattern 
described above suggests that the area was drained northwards round the clint 
of Kopparstenarna and then through the Faré and Middle Baltic Depressions. 
For the general picture of the Central Baltic, however, one might quite as well 
presume the opposite direction (cf. the map in BRAUN 1923). The elevation 
of the area N of Gotland in relation to the thresholds S of Oland, which is 
necessary to turn the subsequent drainage southwards, and the corresponding 
effects on the entire drainage system are evident from any bathymetric chart of 
the Baltic. More than 200 m elevation would be necessary. 

The latter consideration has yet more actuality when the direction of the 
drainage from the valley in front of the Ordovician clint is discussed. Under 
the present conditions this valley forms a closed basin with 203 m as greatest 
depth. The lowest thresholds are found on the ridge SW of the Landsort 
Trench and in the deep valley W of the Hall Banks, about 30 km N of Visby; 
both tresholds are about 105 m below sea-level. ‘The valleys cutting the clint 
and causing its lobated appearance on the map suggest that the subsequent 
drainage entered the front valley in a more or less northerly direction. Theoreti- 
cally it is possible to explain this in many ways (relatively greater subsidence 
of the area, passages hidden by glacial deposits or by the sparseness of depth 
records, disturbances in the northern part in connection with the origin of the 
Landsort ‘Trench, etc.), but the empiric material is lacking. 

As generally agreed, the drainage from almost the entire Baltic area passed 
east of Gotland towards the Danzig Depression. The front valley of the Ordovi- 
cian clint in Estonia and valleys from the Osel and Dagé region end in the system 
of depressions in the Central Baltic. The Bothnian Sea and Bothnian Gulf 
would, if compensation is made for the calculated remaining Postglacial up- 
heaval of land, fit well into the drainage pattern. But for the explanation of 
the drainage E of Gotland it is necessary, again, to presume that the rate of 
subsidence of the Baltic increased considerably northwards, in addition to 
what is shown by the calculations of the remaining land upheaval. 
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Even if the drainage system of the cuesta landscape cannot be analysed, the 
structural background of the formation of the escarpments is evident. The 
Ordovician clint system is caused throughout its entire length by the erosion 
of the soft, mainly Cambrian, sandstone and clay strata, overlain by the Ordovi- 
cian limestone which determines the retreat of the clint and causes the relative 
steepness of the feature. Corresponding to these strata in the Silurian clint of 
Gotland are the thick sequence of Llandoverian marls, which is eroded almost 
to its base, and the Hogklint and younger limestones which overlie it. In the 
eastern part of the Baltic and in Estonia, harder carbonate rocks replace the 
major part of the Llandoverian marls. The main clint features are there situated 
higher up in the sequence, caused by the erosion of marls chiefly belonging to 
the Wenlockian Jaani beds, overlain by the Jaagarahu limestones, a large part of 
which consist of reefs which cause the dissected and lobated appearance of 
the clint. Owing to these conditions the Ordovician-Silurian boundary in this 
area lies far north of the main clint. 

A quite different conception of the origin of the clint coast of Gotland was 
recently published by BEHRENS (1958, p. 175; cf. p. 170!) who states that this 
part of the clint has been formed by faults. This is utterly improbable, and 
there is hardly any room for a fault in the area, even if the maps and sections 
presented here are not detailed enough to establish the complete absence of 
important dislocations in the Cambro-Silurian part of the Baltic. 

The clint is treated of above as a generally steep feature. It must be stressed, 
however, that the picture obtained in Fig. 1 and other contour charts is very 
diagrammatic, as the sparse depth records show only the number of contours 
which should be assembled in a more or less narrow zone. Experience from other 
cuesta landscapes and even from the supramarine clints in the Baltic area 
suggest that the clints constituted very prominent features in the Preglacial 
landscape. We know that glacial deposits play an important part in concealing 
the clint features in the northern Estonian landscape, and most certainly the 
same is the case concerning large parts of the submarine clints. On the other 
hand great caution is needed in all statements about the exarating activity of 
the glaciers in the front valleys and central depressions which is stressed in 
most of the earlier treatises on the subject. The activity of the recent marine 
abrasion, finally, which steepens the clint features, directly and by removing 
talus and glacial deposits in front of it, is of minor influence and is very little 
visible in the scale of the figures published here. 


Conclusions 


The present study was commenced as an orientation in the Preglacial land- 
scape in the Palaeozoic rocks of the Baltic. The fairly rough marine chart ma- 
terial on which the profiles and the bathymetric chart are based does not provide 
the material for a correct identification of every detail of the clints or the sea 
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floor between them, and essential features between the sparse depth records in 
the deeper parts of the sea may have escaped notice. The allowance for error in 
drawing the boundaries between the systems in the profiles is, however, large 
enough to secure the principal features in the distribution of the systems on 
the map. As a conclusion of the above discussion the following statements can 
be made: 


1. The submarine Cambro-Ordovician clint is strongly indented and lobated 
and can be traced along the major part of its extent; is interrupted 5 of the 
Landsort Trench and NE of Gotska Sandé6n. 

2. The submarine Silurian clint of Gotland forms a shelf on which the Karls6 
islands are situated, joins the NW coastline of the island, curves sharply 
round Salvorev, and assumes a NW-SE direction E of Faro. In the eastern 
part of the Baltic, the corresponding structure is a dissected clint feature 
situated higher up in the Silurian sequence, mainly in rocks of Wenlockian 
age. 

3. Owing to the structural background of clint formation the Cambro-Ordovi- 
cian boundary coincides in principle with the Cambro-Ordovician clint 
where this feature is developed. For the same reasons the Silurian is pre- 
sumed to occupy a comparatively narrow zone in front of the clint of Gotland. 
In the eastern part of the Baltic the Silurian belt north of the clint is broader, 
owing to the greater resistance of the Llandoverian rocks in this area. The 
submarine Silurian-Devonian boundary can be traced for some distance in 
the eastern slope of the Middle Baltic Depression. The belt of Cambrian rocks 
is less well defined. A rough estimation of its width can be made from the 
conditions in the Kalmarsund region, the distance to the Cambrian joint 
fillings in the Archaean, the disappearance of the joint-determined valleys, 
and the relative thickness of the system in the clint. 

4. The conception of the Baltic clints as the escarpments in a cuesta landscape 
is sustained. Some of the main features in the Preglacial subsequent and 
obsequent drainage are demonstrated, but it is pointed out that the drainage 
pattern and the general bathymetric conditions in the Baltic lead to partly 
contradictory conclusions as to the direction of the drainage. It is necessary, 
even for the conditions between Gotland and the mainland, to assume a 
Preglacial base level of erosion lying considerably deeper than go-100 m 
below sea-level as presumed hitherto. 


Conversely, it would contribute considerably to our knowledge of the Pre- 
glacial height conditions in the Baltic area if we could establish the direction 
of the subsequent drainage in front of the clints of Oland and Gotland by 
means of morphological analysis. 

The present investigation points to a number of details which itis important 
to subject to further study. Some parts of the clints can already}be illustrated 
in more detail with the existing sounding maps. The structural relationships 
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) of Archaean and Palaeozoic rocks and the depth conditions at the ridge SW of 
the Landsort Trench present a major problem. In the deeper parts of the 
} sea it is almost impossible to give even an approximate picture of the steepness 
of the slopes or escarpments without special soundings, and in this connection 
the morphology and the distribution of glacial sediments in the chain of de- 
pressions in the middle of the Baltic are of cardinal importance for the under- 
standing of the consequent drainage of the cuesta landscape. 
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ADDENDUM. — During the printing of this paper Dr. T. N. AticHova has 
kindly communicated the exact depth figure of the Silurian-Devonian boundary 
at Ventspils (Windau, cf. Fig. 9); it is 270.5 m (fide E. M. LyutxKevié). I am also 
indebted to Dr. A. ROdmusoKs for more detailed information about the nature of the 

break in the Lokno area. 
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4. New Lower Ordovician Odontopleuridae 
(Trilobita) from Oland 


By 
Harry B. Whittington and Birger Bohlin 


AgsTracT.—Two new species are described from the Raniceps limestone. One is made the 
type of a new genus, and placed in the subfamily Apianurinae; the subfamily diagnosis is emended. 
The cephalon and thorax of the new species are known, and odontopleurid pygidia from the 
same horizon in Oland are thought to belong. Similar “puerta are known from the Expansus 
limestone of Oland, an unknown horizon in Ostergétland, and the Pakri sandstone of Estonia 
(‘Acidaspis’’ solis OpIk, 1926). ‘These pygidia may belong to the same species group. The second 
new species from Oland is a Miraspis, the oldest so far known. The occurrence of Middle and 
Upper Cambrian trilobites of odontopleurid type in USSR is further evidence that the origin 
and diversification of the family is earlier than had been thought. 


Introduction 


The original of Plate 1, figures 1-4, from the Raniceps limestone of northern 
Oland, is here regarded as a new genus and species within the subfamily 
Apianurinae WHITTINGTON, 1956. Odontopleurid pygidia are known from 
rocks of the same, or slightly greater, age in Oland (PI. 2, figs. 5-8; Pl. 3, figs. 
5, 6), in Ostergétland, and in Estonia (OpiK, 1926). This type of pygidium is 
presumed to belong to the new genus, and those from the Raniceps limestone 
of Oland to the type species. From a locality which in 1957 yielded to BOHLIN 
a cranidium and probable pygidium of Boedaspis ensifer n.gen., n.sp., came 
also a second odontopleurid cranidium here called Miraspis ceryx n.sp., belong- 
ing to the subfamily Miraspinae. 

The Raniceps limestone is one of the higher members in a limestone succes- 
sion in Sweden that overlies the Tremadoc and underlies the Schroeteri lime- 
stone of Llandeilo age (JAANUSSON and STRACHAN, 1954). ‘This succession in 
northern Oland has been described by BOHLIN (1949, 1955). ‘The exact age of 
the members of this succession, in terms of the standard Arenig and Llanvirn 
Series, cannot be given, because graptolites are unknown. BOHLIN (1955) in- 
cluded the Raniceps limestone in the Lower Ordovician, but STORMER (1953) 
proposed a lower position for the boundary between Lower and Middle Ordovi- 
cian, at the Arenig—Llanvirn boundary. This level is about that between Cana- 
dian and Champlainian, the Lower and Middle Ordovician of American workers 
(TWENHOFEL et. al., 1954). In view of these uncertainties and confusions we use 


here only the Baltoscandian stratigraphical terms. 
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The new Swedish odontopleurids are the earliest members of the subfamilies 
to which they belong. Possibly slightly older is the occurrence of Selenopeltis 
(Selenopeltinae) in the Arenig of Shropshire, England (WHITTARD, 1952, p. 158). 
Within recent years trilobites of odontopleurid type have been described from 
the Middle and Upper Cambrian of Kazakh and Siberia. First to be made 
known was Acidaspides precurrens LERMONTOVA, 1951 (pp. 27-29, Pl. 6, figs. | 
4-9), and a second species is A. lermontovae 'TCHERNYSHEVA, 1953 (pp. 81-83, 
Pl. 6, figs. 16, 17). In 1956 Porerayeva erected two additional monotypic 
odontopleurid genera, Belovia and Eoacidaspis, on Middle and Upper Cambrian 
specimens. Dr. V. JAANUSSON has kindly drawn our attention to a later publica- 
tion by PoLeTayeva (1957) in which the three genera mentioned are placed in 
a new family Eoacidaspidae. Evidently the origin of odontopleurid-like trilobites 
was in Cambrian time, and diversification occurred much earlier than was 
formerly believed (WHITTINGTON, 1956a, pp. 186-187). 

The terminology employed in the descriptions is that of WHITTINGTON, 
19564, pp. 160-162. 


Systematic Palaeontology 


Family Odontopleuridae BURMEISTER, 1843 
Subfamily Apianurinae WHITTINGTON, 1956, emend. 


The inclusion of Boedaspis n. gen. in this subfamily makes necessary emenda- 
tion of the original diagnosis to read: 

D1acnosis.—Glabella narrows forward, occipital ring long (sag.), convex, 
long paired spines and median tubercle; parallel-sided fronto-median glabellar 
lobe, two pairs of lateral lobes fused, kidney-shaped. Eye lobe situated far 
back, two branches of suture approximately aligned and directed inward and 
forward, free cheek narrow, librigenal spine arising about midway along lateral 
border and curving back. Hypostome shield-shaped, middle furrow arises at 
antero-lateral corner of middle body and runs inward and backward; small, 
pointed shoulders and shallow lateral notch. Thorax in one genus of at least 
ten segments, pleurae convex, either lacking pleural furrow and with single 
large pleural spine, or divided by pleural furrow into two bands, and with 
short anterior and long posterior pleural spine. Pygidium with paired border 
spines, unpaired median border spine may be present, long major spine. 

GEOLOGICAL RANGE.— Ordovician (Arenig—Llanvirn to Ashgill). 


Genus Boedaspis n. gen. 


‘TYPE SPECIES.—Boedaspis ensifer n.gen., n.sp. 
Diacnosis.—Differs from the two other genera in this subfamily, Apianurus 
and Calipernurus (WHITTINGTON, 19564, pp. 252-279, pls. 17-24) in that: (1) 
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cephalon widest across posterior margin, genal angle acute (PI. 1, fig. 2); (2) 
occipital ring with posterior band, ring not separated from median glabellar 
lobe by occipital furrow, only by a narrow, smooth band (Piety figs:c23 \5i(3) 
fronto-median glabellar lobe lower, the frontal portion shorter (sag.) and project- 
ing only slightly in front of the second lateral glabellar furrows (Rie hes 
3); (4) eye lobe higher, situated closer to axial furrow and far back, so that 
transverse line joining mid-points passes through bases of paired occipital 
spines (Pl. 2, figs. 1, 3); (5) eye ridge dies out opposite second glabellar furrow 


and is connected only by a narrow depressed band to frontal glabellar lobe 


(Pl. 2, fig. 1); (6) thoracic pleurae with shallow pleural furrow and bearing an- 
terior and posterior pleural spines (PI. 1, fig. 2); (7) pygidium that may belong 
in type species having major spine arising from border and eight or nine addi- 
tional pairs of border spines (Pl. 2, figs. 5-7; Pl. 3, figs. 5, 6). 

GEOLOGICAL RANGE.—? Expansus limestone, Raniceps limestone. 


Boedaspis enstfer n. gen., n. sp. 
Pita; Plo 2, figs. 1-4, 2 5—7° © Pl. 3) figs. 5, 6. 


Ho.otyre.—Pal. Instit., Uppsala, no. Ol 817a, b, incomplete cephalon and 


- thorax, lower Raniceps limestone, Béda parish, Hagudden, northern Oland, 


on north side of small drainage ditch above section in Figure 3, p. 537, of Bou- 
LIN, 1949. Other fossils from this locality are listed by BOHLIN (1949, p. 539). 
OTHER MATERIAL.—Cranidium from the upper Raniceps limestone, and, 
doubtfully, four pygidia from the Raniceps limestone, northern Oland. 
DescriPpTION.—Cephalon transversely ovate in outline, widest (c. 34 mm. 
in holotype) across genal angles, moderately convex. Glabella most strongly 
convex across occipital ring, gently convex longitudinally; in holotype of width 
at anterior margin 7.0 mm., across occipital ring 16.5 mm., length (sag.) 
12.0 mm. Occipital ring ovate in outline, posterior margin projecting behind 
cheeks, vaguely defined anteromedially by smooth band, Jength (sag.) in holo- 
type 5.5 mm.; posterior band narrowest (sag.) medially, widening outward, 
defined medially and behind occipital spine by vertical slope from anterior 
band, near extremity slope separating two bands dies out; anterior band convex, 
bearing large pair of spines which diverge posteriorly at about 65°; between 
anterior part of spine bases a median tubercle, between posterior part a shallow, 
transverse depression. Occipital furrow a vaguely defined, narrow, smooth band 
behind median glabellar lobe, distally a deep, diagonally-directed pit. Re- 
mainder of glabella divided into sub-rectangular fronto-median lobe and 
kidney-shaped fused lateral lobes, axial and preglabellar furrows faint unorna- 
mented bands marking changes in slope. Fronto-median lobe gently convex 
transversely, projecting only slightly in front of second lateral furrows, in 
holotype crossed, opposite outer extremity of first lateral furrow, by faint, 
broad depression. First and second lateral lobes (the second much the smaller) 
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with little independent convexity, except for swollen antero-lateral part of 
first (basal) lobe. First and second lateral glabellar furrows in form of sub-cir- 
cular pits, the first isolated from the axial furrow by fusion of the two lobes. 
Subtriangular cheeks united in front of glabella by narrow (sag.), low anterior 
border. Palpebral lobe (Pl. 2, figs. 1, 3, right palpebral lobe preserved outside 
fracture) standing as high as median part of occipital ring, situated in inner 
posterior corner of cheek opposite anterior part of occipital ring, slope down 
to posterior border furrow vertical, slope down to axial furrow opposite occipital 
furrow steep. Anterior branch of suture (Pl. 2, figs. 1, 3) curves forward and 
inward to cross anterior border and reach cranidial border at point in line (exs.) 
with mid-point of first lateral glabellar lobe. Course of posterior branch cannot 
be determined. Eye ridge broad, convex, curving forward just inside and sub- 
parallel to cranidial margin, dies out opposite second glabellar furrow. Outside 


anterior extremity of eye ridge anterior border furrow is deepened into a pit. — 


Between this pit and second glabellar furrow a narrow depressed zone runs 
between extremity of eye ridge and frontal glabellar lobe (PI. 2, figs. 1, 3). 
Free cheek convex outside eye lobe, descending steeply to border furrows 
and to large depression in postero-lateral corner; broad antero-lateral and 
narrower, convex posterior border, lateral border drawn out at about half 
cephalic length into broad base of genal spine; latter oval in cross-section, 
directed horizontally outward and backward. Hypostome unknown. External 
surface of cephalon bearing large, sub-symmetrically arranged tubercles on 
convex areas, median tubercle on occipital ring between bases of spines, 
asymmetry of arrangement most marked on fronto-median glabellar lobe. ‘Tips 
of tubercles sharp, but extreme tip broken in all cases. 

Thorax of at least ten segments, only the median region being known of 
last four (Pl. 1, figs. 2, 4). In holotype axis 14 mm. wide and at fifth segment 
thorax is 50 mm. in width (excluding pleural spines). Axial ring with posterior 
margin curved convexly backward, articulating furrow similarly curved and 
deepest distally. Long (sag.) articulating half-ring extends forward almost 
to articulating furrow of next segment. Horizontal pleurae divided by broad, 
shallow diagonal pleural furrow into narrow (exs.) gently convex anterior band 
and broader (exs.) posterior band. Latter slopes down steeply posteriorly to 
flat posterior flange, which has a narrow marginal rim that swells at the distal 
tip into a boss, probably the fulcral articulating socket. Anterior flange slopes 
forward and fits beneath edge of posterior flange of next segment. Pleural spines 
blade-shaped, flattened on upper and gently convex on lower surface, forming 
horizontal continuations of pleural bands, posterior spine wider and twice as 
long as anterior; directed outward and slightly forward in first five segments, 
curvature in dorsal aspect convex forward. External surface with similar tu- 
bercles to those on the cephalon, closely spaced on axial rings and in double 
row on each pleural band; on both surfaces of pleural spines tubercles smaller, 
more widely-spaced, and becoming barb-like distally. 


+ a? 
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One odontopleurid pygidium is known from the Expansus limestone and four 
from the lower and upper Raniceps limestones of Oland, one of the latter 
(Pl. 2, fig. 7) being from the same locality and horizon as the cranidium 
(Pl. 2, figs. 1-4). Those from the Raniceps limestone are thought probably to 
belong to this species, and may be described as follows: 

Outline sub-semicircular, length (sag.) one-third maximum width. Axis of 
width at anterior margin about one-quarter that of pygidium. Axis tapering 
back to reach inner edge of posterior border, strongly convex, defined by axial 
furrows which are broad and shallow beside the rings but descend into deep 
pits opposite the articulating and first two ring furrows; articulating furrow 
and half-ring like those of thorax, first two ring furrows shallow medially, 
deepening distally, shallow third ring furrow (Pl. 3, fig. 6); the four axial rings 
are successively narrower (tr.) and shorter (sag.) backwards. Pleural region 
horizontal and gently convex, broad, gently convex border defined by broad, 
shallow border furrow; from border arises one major and eight (PI. 2, figs. 5, 6) 
or nine (PI. 3, figs. 5, 6) minor pairs of spines, the minor spines directed slightly 
upward, the major curving more strongly upward. The upper surfaces of the 
spines are flattened. The spines are evenly spaced and there are three minor 
pairs between the major, the latter connected by a pleural ridge to the first 
axial ring. The anterior minor spine shows a slight backward curvature, the 
remainder being straight. Doublure (PI. 2, figs. 6, 7) rolled under and of same 
width as border, ventral surface inward and upward sloping. On convex parts 
of external surface large tubercles are spaced in a sub-symmetrical pattern, 
on the border spines (as on the pleural spines of the thorax) there are smaller, 
distally-directed barbs. 

The four pygidia described above differ from each other slightly in detail, 
e.g. definition of last two axial rings, depth of border furrow beside tip of axis, 
and lack of one pair of border spines in one specimen. Some of these differences 
are apparent, being between these features as seen on the inner or outer exo- 
skeletal surface, but the difference in number of minor border spines seems to 
be real. 

Discussion.—A slightly older pygidium from the Expansus limestone (PI. 2, 
fig. 8) exhibits most of the characters of those from the Raniceps limestone, but 
differs in proportions and in the prominence of the border. It is placed in Boeda- 
spis with doubt. Another pygidium from an unknown horizon at Borghamn, 
Ostergétland (Pal. Instit. Uppsala, no. Og. 77) seems to be of the same general 
type as those attributed to B. ensifer? It is exposed from the ventral side, and 
shows the inner surface of the dorsal exoskeleton. It is incomplete laterally, 
and the number of pairs of minor spines cannot be determined, but there are 
at least five outside the major pair. Inside the major pair are five separate minor 
spines, i.e. there is asymmetry. This type of seemingly abnormal specimen has 
been observed in other odontopleurid pygidia (WHITTINGTON, 19564, p. 178). 

Another possible species of Boedaspis is “Acidaspis” solis Opik, 1926, a 
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pygidium from the Pakri calcareous sandstone of Estonia (By, y according to 
OpiK, 1926). In this species there are only four pairs of minor border spines 
outside the major, and three pairs insides 


Subfamily Miraspinae R. and E. RICHTER, 1917, emend. WHITTINGTON, 1956. 


Genus Miraspis R. and E. RICHTER, 1917. 
Miraspis ceryx N. sp. 
Plate 3, figures 1-4. 


Hotorypr.—Pal. Instit. Lund, no. LO 3902 'T, incomplete cranidium, 
Upper Raniceps limestone, Gunnarslund, northern Oland. 

DESCRIPTION.—Cranidium of projected length 3.5 mm., width across eye 
lobes about 6.5 mm. Glabella defined by broad and extremely shallow axial 
furrows (which die out anteriorly) and by convexity of lobes; width across 
mid-point of first lateral lobes 3.8 mm., and slightly greater than width occipital 
ring. Latter longest sagitally, strongly convex, posterior band (PI. 3, figs, 2, 4) 
wide (sag.) and backward sloping in mid-line, narrowing progressively distally; 
longer anterior portion of occipital ring with pair of stout occipital spines 
diverging at an acute angle, and median tubercle near anterior edge. Occipital 
furrow straight, broad and shallow behind median glabellar lobe, at outer 
margin of this lobe it turns abruptly back and descends steeply into deep 
pit at extremity. Median glabellar lobe rectangular in outline, gently convex 
longitudinally and transversely, separated from lateral lobes by broad furrow 
which is deepest posteriorly. Median lobe merges into an extremely short 
(sag. and exs.) and ill-defined frontal lobe, bounded anteriorly by the deep 
preglabellar furrow. Three pairs of lateral glabellar furrows are deepest adjacent 
to median lobe and die out about halfway to the axial furrows, first (basal) pair 
directed transversely, the second and third running diagonally outward and 
forward. First lateral lobe oval in outline (long axis longitudinal), gently convex; 
second lobe ovate in outline, smaller and less convex; third lobe one-third 
the length (exs.) of the second, faintly convex; third lobe and frontal lobe merge 
into adjacent part of fixed cheek (Pl. 3, fig. 1). Anterior border of cranidium 
about same width as eye ridge, gently convex. Both palpebral lobes are broken 
off, but were situated in same transverse line as that joining mid-point of 
first lateral glabellar lobes. Fixed cheek widest posteriorly, descending vertically 
behind palpebral lobe, in front of this lobe sloping steeply forward and out- 
ward; antero-lateral margin gently curved and directed inward and forward; 
broad eye-ridge runs sub-parallel to, and just inside of, this margin, dies out 
at border furrow adjacent to lateral extremity of frontal glabellar lobe. Posterior 
border of fixed cheek not preserved. External surface, except in deeper parts 
of furrows, bearing tubercles of different sizes and without regular arrangement. 
Some of the largest tubercles show a sub-symmetrical arrangement, e.g. that 
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placed near the centre of the first lateral glabellar lobe, and those on the fixed 
cheek adjacent to first and second lateral lobes, but tubercles of the same size 
on the median glabellar lobe are not so arranged. The tubercles on the anterior 
border and posterior band of the occipital ring are all small. 

Discusston.—This cranidium is remarkably similar to that of Muiraspis mira 
(BaRRANDE, 1846) from the Upper Wenlock of Bohemia, differing (in the parts 
preserved) only in such details as the lesser inflation of the fronto-median gla- 
bellar lobe, less marked separation between the two bands of the occipital ring, 
and coarser tuberculation. It is therefore referred to Miraspis, and not to Cerato- 
cephala, though these two genera have many characters in common (cf. WHIT- 
TINGTON, 19566, p. 514). The form of the glabella combined with the position 
of the eye lobe in the Swedish cranidium seem more typical of Miraspis than 
Ceratocephala. 

Pygidia of Miraspis type are known from the early Bala (Caradoc) of North 
Wales (WHITTINGTON and WILLIAMs, 1955, Pl. 40, fig. 119) and the Upper 
Drummuck Group (Ashgill) of Scotland (WHITTINGTON, 1956), p. 515, PI. 
60, figs. 7, 8). The Swedish species extends the range of the genus still further 
downward, so that it is now Arenig—Llanvirn to Lower Devonian. 


Postscript 


Since the above was written the odontopleurid from the early Arenig of 
Vastergotland (TJERNVIK, 1956, p. 264) has been examined. The material in- 
cludes the right pleura of a thoracic segment and two incomplete pygidia, 
but not a free cheek. It is the oldest odontopleurid from Sweden, but the 
subfamily to which it may belong cannot be decided. 

The pleura is crossed by a straight, diagonally directed pleural furrow, and 
bears a short anterior and long posterior pleural spine, the external surface of 
convex parts tuberculate. The pygidium is three times as wide as long (sag.), axis 
of maximum width one-quarter that of pygidium, three axial rings decreasing 
in width (tr.) and length (sag.) posteriorly, and a small terminal portion. Pleural 
regions horizontal, with broad, gently convex border and broad, shallow border 
furrow. Tip of axis reaches border furrow. Pleural ridge of similar convexity 
and width to pleural border, flanked by broad, shallow furrows, directed outward 
from first axial ring, then curving so as to be directed backward as it crosses the 
border. Base of major spine situated about mid-way across pleural region, spine 
directed slightly upward and inward. Many pairs of tiny border spines, 
some eight pairs inside, and nine or ten outside, the major spines. First axial 
ring with prominent pair of short spines, smaller pair outside them. Second 
ring with three pairs of short spines, two pairs on third ring, and one pair on 
terminal portion. Convex parts of pleural regions with scattered short spines 
and tubercles. 

This pygidium is not unlike that from the Expansus limestone described 
above (PI. 2, fig. 8), but differs in that the major pleural spines are relatively 
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farther apart, and the other border spines are smaller and more numerous. It 
differs from known Ordovician miraspinid pygidia in the better definition of 
the axial rings, presence of the border, the-major spines being closer to the axis 
and there being more minor spines outside them. The general form of the Vas- 
tergétland pygidium is also like that of Selenopeltis, but the presence of the 
pleural border and numerous minor border spines distinguish it. The pleura is 
not of Selenopeltis type. 
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Plate 1 
Boedaspis ensifer n. gen., n. sp. 


1-4. Holotype, incomplete cephalon and thorax, counterparts; 1-3, anterior, dorsal, right 
lateral views of external surface of cephalic exoskeleton, internal mould of thorax, x 1- 
1/2; 4, ventral view, internal surface of parts of thoracic exoskeleton combined with 
external mould of other parts, x 1. Lower Raniceps limestone, Hagudden, northern 
Oland. Pal. Inst. Uppsala, no. 01 817a, b, collected BoHLIN, 1941. 


Plate 2 
Boedaspis ensifer n. gen., n. sp. 


1-4. Incomplete cranidium; 1, 3, 4, anterior, dorsal, right lateral views of external surface of 
exoskeleton, < 6; 2, exterior view of external mould, x 6. Upper Raniceps limestone, 
Gunnarslund, northern Oland. Pal. Instit. Lund, no. LO 3900 t, collected BOHLIN, 1957. 


Boedaspis ensifer n. gen., n. sp. ? 


5,6. Incomplete pygidium, counterparts, = 1-1/2. Lower Raniceps limestone, Halludden, 
northern Oland. Pal. Instit. Uppsala, no. Ol 818, collected BOHLIN, 1941. 

7. Incomplete pygidium, dorsal view, exoskeleton partially stripped off, <x 1-1/2. Upper 

Raniceps limestone, Gunnarslund, northern Ojand. Pal. Instit. Lund, no. LO 3901 t, 

collected BOHLIN, 1957. 


? Boedaspis sp. 


8. Incomplete pygidium, internal mould, x 1-1/2. Expansus limestone, about 85 cm. above 
the “Limbata’’ limestone, quarry north of Hégsrum Church, central Oland. Pal. Instit. 


Uppsala, no. Ol 822, collected BouHLIn, 1956. 


Plate 3 
Mtraspis ceryx n. sp. 


1-4. Holotype, incomplete cranidium, anterior, right lateral, dorsal, oblique postero-lateral 
views, < 9. Upper Raniceps limestone, Gunnarslund, northern Oland. Pal. Instit. Lund, 


no. LO 3902 T, collected BOHLIN, 1957. 


Boedaspis ensifer n. gen., n. sp. ? 


5. Latex cast from external mould of incomplete pygidium, x 1. Lower Raniceps limestone, 
Halludden, northern Oland. Pal. Instit. Uppsala, no. Ol. 819, collected during excursion, 
1944. 

6. Bren ventral view, mainly internal surface of exoskeleton, external mould of part 


of right pleural region, x 4. Lower Ordovician, exact level unknown, Halludden, northern 
Oland. Riksmus., Palaeoz. Avd., Stockholm, no. Ar. 9800. Original of BOHLIN, 1949, fig. 8. 
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5. Graptolites from the Ludibundus Beds (Middle 
Ordovician) of Tvairen, Sweden 
By 


Isles Strachan 


AsBsTRACT.—Graptolites have been isolated from limestone boulders derived from the bay 
of Tvaéren in Sddermanland. Growth series are described for Dicellograptus divaricatus var. 
salopiensis ELLES & Woop and Climacograptus brevis var. mutabilis nov. and the development 
of the proximal end in Acanthograptus suecicus (WIMAN) is determined from serial sections. 
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In the years prior to 1940, a considerable number of fossiliferous limestone 
boulders was collected from Tvaren by members of the Swedish Geological 
Survey and an account of these specimens with their fauna was given by 
Dr. P. THorSLUND in 1940. The few graptolites mentioned had been identi- 
fied by Dr. O. M. B. Butman and had been lying in Cambridge for some 
time before he suggested to me that I might undertake a detailed study of 
the material which promised to yield growth series of some forms. 
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In the summer of 1948, I was fortunately able to visit Sweden and I 
must express my deep thanks to the authorities in Stockholm and Uppsala 
who provided me with every facility for the study of Hotm’s and Wiman’s 
type specimens and for further material from ‘Tvaren. 

Throughout the work, Professor BuLMaN has provided advice and helpful 
criticism on the many problems of morphology and taxonomy. To him and 
to Dr. VALDAR JAANUSSON who has guided this through the press, I must also 
express my sincere thanks. 


Introduction 


The material studied from Tvaren consists of fragments of glacially trans- 
ported boulders occurring on several islands in the Baltic, immediately south- 
east of the bay of Tvaren on the coast of Sddermanland, about 70 km 5S. 
of Stockholm. 

The boulders, which include fossiliferous Ordovician rocks, were first noted 
in geological literature in 1927 by ASKLUND and WESTERGARD. From detailed 
studies of the boulder fan, ASKLUND concluded that the boulders came from 
solid beds in the bay and were transported south-east by ice from the mainland. 

The bay is roughly triangular, bounded on two sides by the mainland, and 
on the Baltic side by numerous islands. The deepest part of the bay is slightly 
eccentric but the submarine contours between 20 m and 60 m are roughly 
circular. Glacial striae on the islands show that the general directions of ice 
movement was to the south-east from the mainland, and the boulders lie in a 
well defined fan whose apex is a point on the mainland immediately north 
of ‘Tvaren. 

No similar beds or boulders are known in this area and there seems to be 
little doubt that the boulders of Ordovician rocks have come from Tvaren 
where the beds are probably let down by faults forming a cauldron-like 
depression such as is suggested by the contours of the bay. 

The limestone boulders are all fairly fossiliferous and have yielded numerous 
ostracods and brachiopods. The graptolites were only abundant in one boulder 
of a rather compact limestone, but occasional fragments were found in other 
boulders of a more highly crystalline limestone. 

The shelly fauna has been studied in some detail by THoRsLUND (1940) 
from whose paper the preceding information has been drawn. 

The ostracods and brachiopods indicate that the Tvaren limestones corre- 
spond to the lower part of the Ludibundus limestone as developed elsewhere 
in Sweden. The graptolites give very little evidence for correlation since the 
species have in most cases only been recorded from similar limestones in the 
Baltic area. The problems of correlation have already been discussed (JAaNus- 
SON & STRACHAN, 1954) but further evidence is accumulating which may lead 
to some slight revision of the correlations given there. 
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Methods of Preparation of Material 


The limestones are all fairly free from siliceous cement and were easily 
broken down to mud by treatment with dilute hydrochloric acid. The sludge 
was washed by decanting in various stages and much of the fine mud removed 
at the same time. The graptolites generally settled very quickly though a few 
floated and were picked off the surface with a pipette. When the mud had 
been largely washed away, the residue was examined in a petri dish under a 
low-power binocular microscope and the graptolites picked out with the pi- 
pette. Sponge spicules were very common in the residue and, in a few sam- 
ples of highly crystalline limestone which were dissolved in dilute acetic acid, 
conodonts were also obtained. The majority of the conodonts belong to an 
apparently undescribed form which has also been found in abundance in the 
residue from the treatment of some Ludibundus limestone from Lockne in 
Jamtland. 

The isolated graptolites were generally quite opaque and in some cases, e.g. 
the Dicellograptus and Orthograptus uplandicus, more or less crushed, but all 
the specimens of Climacograptus brevis var. mutabilis var. nov. were in full 
relief. Most of the specimens yielded to bleaching with concentrated nitric 
acid and potassium chlorate, the process being carried out in a watchglass and 
followed under the binocular microscope. The length of treatment required 
varied from ten minutes to about an hour, but no really satisfactory results 
were obtained when more than about half an hour of bleaching was required. 

The specimens of Dendrograptus and Acanthograptus had already been iso- 


_ lated and no more were obtained in the further material treated. A few pieces 


of these dendroids were treated with the bleaching mixture but did not bleach 
at all well. In most cases, prolonged treatment was needed to make the speci- 
mens even partly translucent and such specimens generally dissolved in the 
clearing or mounting media. The same trouble has since been met again in 
dealing with some diplograptids and there appears to be some considerable 
chemical change on prolonging the bleaching process. The difficulty with the 
dendroids appears to be the presence of a thick cortical layer outside the 
fusellar layer which shows the growth lines. 

Specimens of the dendroids were serially sectioned in an ordinary micro- 
tome since they could not be bleached, but only Acanthograptus suecicus 
yielded sections showing any internal structures. These, however, are remark- 
ably well preserved and some details of the stolon system can be observed. 
A few fragments, similar to some of those figured by Koztowsk1 (1949) and 
placed in his orders Tuboidea and Camaroidea, have also been found but they 
are too small for any determinations of value to be made. 

All the material described here belongs to the museum of the Palaeonto- 
logical Institute of the University of Uppsala. 
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The illustrations have been mostly prepared by means of a camera lucida 
though attempts have been made to photograph some of the specimens. ‘The 
difficulties in the photography are the reddish-brown colour of the specimens 
and the considerable depth of focus required at even moderate magnifications. 
Infra-red photography might solve the first difficulty and has been used 
with some success by Krart (1926) in his studies on diplograptids, but the 
second is a general difficulty in photographing small objects which are rarely 
sufficiently flat to lie within the depth of field of suitable microscope objec- 
tives. While the wash drawings are to a certain extent subjective and do not, 
for example, reproduce all the imperfections of the specimens, it is hoped 
that they give a sufficient idea of the specimens to enable the details of the 
structure to be grasped. 


Systematic Palaeontology 
Family Dicranograptidae 
Genus Dicellograptus 


Dicellograptus divaricatus var. salopiensis ELLES and Woop 
PIT, figs.a—s5, Pl. Il, fig. 1; text-figs. 152° 


1904 Dicellograptus divaricatus var. salopiensis var. nov. — ELLES and Woop, p. 145, 
pl. XX, figs. 7a-e, text-fig. 89a, b. 


Stipes 5 mm or more long, about 0.5 mm broad, diverging at a very vari- | 
able angle from the sicula which is embedded in one stipe; thecae 12 in 10 mm, 
with introverted and introtorted apertures opening into and almost filling the 
rather deep excavations. 

The sicula is about 1.5 mm long and has an apertural breadth of 0.2 mm. 
There is a very long virgella (up to 1 mm) but no apertural processes. The 
first two thecae are provided with long mesial spines which, however, are 
frequently broken. The whole sicula appears to be curved in the later stages 
of growth so that it is incorporated in one of the stipes. 

Only a few specimens have been observed with more than 3 thecae and 
they are all so distorted that no reliable measure of the axial angle can be 
made. The sicula is always incorporated into the second stipe with th 2? and 
th 3? but the tip of the prosicula is generally free and prolonged into a short 
nema. The adult thecae are about 1.2 mm long and overlap for half their 
length. They narrow towards their apertures which grow distinctly inwards 
to open into deep excavations occupying about half the breadth of the stipe 
(text-fig. 2). The early thecae may bear a mesial spine. 

The development of the rhabdosome can be followed in some detail as 
a growth series has been obtained. The prosicula is 0.4 mm long and 0.12 mm 
broad at its aperture. It shows the typical spiral line and two sizes of longi- 
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Text-fig. 1. Dicellograptus divaricatus var. salopiensis ELLES and Woop. Partial restoration from 
several specimens. x 42. Tviren. 


tudinal fibres, only the strong fibres reaching the apex (PI. I, fig. 3). The 
stout virgella is initiated when the metasicula is about half grown, i.e. when 
0.5 mm long. It develops very rapidly into a long process and the later 
growth lines are markedly bent aperturally on both sides of the virgella in 
the fully developed sicula (Pl. I, fig. 4, Pl. IJ, fig. 1). 

The initial foramen is formed by resorption near the beginning of the 
virgella, i.e. relatively low down (Pl. II, fig. 1), and the initial bud grows 
across the head of the virgella and down towards the sicular aperture (PI. I, 
fig. 5) for a short distance before developing a hood on the reverse side 
which is the first part of th 12, Th 1! continues growing down to the sicular 
aperture and then turns at right angles outwards for 0.5 mm before devel- 
oping a spine and turning slightly upwards. 

The sides of the aperture of th 1! are marked by a pair of lappets formed 
by two or three growth bands which do not extend round the inner edge 
of the aperture. The apertures of all the thecae appear to be free for a short 
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Text-fig. 2. Dicellograptus divaricatus var. salopiensis ELLES and Woop. Frag- 
ment of stipe showing adult thecae. Approx. x 22. Tvaren. T 287. 


distance from the excavated portion of the next theca and the apertural por- 
tions of the thecae are thus free tubes, a condition not seen in adult dip- 
lograptids (text-fig. 1). 

Th 12 develops by growing in an S-shaped manner from its initial foramen, 
first across on to the sicula (probably slightly upwards, though it cannot be 
definitely traced by growth lines), then down towards the sicular aperture 
(giving off the initial part of th21) and finally swinging further across the 
sicula and extending freely at approximately right angles to the free virgella 
for about 0.5 mm, developing a spine similar to that on th11. Its aperture 
is rather more introverted than that of th 11 owing to a broader development 
of the growth bands on the outer side of the theca. On the reverse side of 
the rhabdosome a small triangular portion of the sicula near the aperture is 
left uncovered between the lower parts of th11 and th 12. 

Just after th 12 has turned downwards towards the sicular aperture, a second 
hood is formed on its th 1! side. Owing to the prolonged bleaching required 
to render the specimens at all transparent, very few traces of growth lines 
have been left in this region of development and the growth of the third and 
fourth thecae cannot be followed in detail. This second hood grows outwards 
and downwards on its upper edge, the lower edge forming a pivot as is seen 
by the thickening of the edge. No trace has been seen of any flange growing 
up from thi! to meet the downgrowing part of the hood and the formation 
of the two foramina for th2! and th2? cannot be seen. These two thecae 
however grow along the upper sides of the first two thecae from this point, 
the initial part of th 2? being considerably longer than that of th 21 (text-fig. 1). 
The two branches of the rhabdosome are developed by budding from these 
two thecae. The beginning of th 32 can be seen in one specimen (PI. 1, fig. 2) 
but its exact relations to th 2? are obscure. 
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This mode of development is very similar to that of Dicranograptus nichol- 
sont Hopx. (BULMAN, 1944, p. 38). The sicular proportions are the same but 
the virgella arises much earlier in the Dicranograptus and the initial bud 
slightly earlier. The slight upward growth in the initial part of th 12 has 
been noted in Dicranograptus nicholsoni and also in some early diplograptids. 
The proximal end in D. divaricatus is much more compact than that of 
Dicellograptus geniculatus BULMAN, where the initial part of th 2? is also con- 
spicuously longer than the corresponding part of th 21 (BULMAN, 1932, p. 19). 
The apertures of the first two thecae in these show considerable modification 
from the simple type which appears in many diplograptids (especially in th 1), 
e.g. Diplograptus leptotheca BULMAN, Orthograptus apiculatus (ELLES and Woop), 
Climacograptus bekkeri Ortk, C. orthoceratophilus BULMAN, the last two showing 
well the difference between the simple first pair and the later climacograptid 
thecae. 

In the form of thecae and the characteristic position of the sicula, this 
species is very close to Dicellograptus divaricatus HALL (ELLES, 1940, p. 429), 
but the stipes are narrower and the specimens thus fall within the variety 
salopiensis. 

WHITTINGTON has recently described a similar type of development from 
the Ordovician of Oklahoma (WHITTINGTON, 1955). Although he refers his 
material to Leptograptus? sp. ind., the thecal form of his specimens is that 
characteristic of Dicellograptus and they have an open proximal end like that 
of Dicellograptus geniculatus. 


Family Diplograptidae 
Genus Climacograptus 


Climacograptus bekkeri (OPik) 
Text-figure 3. 


1927 Diplograptus bekkeri n.sp. — OPK, p. 28, pl. VI, figs. 1-15. 
1932 Climacograptus haljalensis n.sp. — BULMAN, p. 10, pl. II, figs. 1-34, text-figs. 4-6. 
1940 Climacograptus bekkeri (Op1K) — BULMAN, in THORSLUND, p. 114. 


Only three specimens of this species have been obtained from the limestone 
blocks so far and they are all flattened. Little can therefore be added to the 
detailed descriptions given by Opik and Butman. BuLMaN has noted (in 
THORSLUND, 1940, p. 114) that his species quoted above is synonymous with 
the earlier described species of Opix. The characteristic thecal spines distin- 
guished this species from other Ordovician climacograptids. 

It should be noted that the first theca is of the simple curved form found 
in most diplograptids and that its spine is almost apertural in position. The 
second theca is intermediate in form between th 1 and the later thecae which 
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Text-fig. 3. Climacograptus bekkeri (Op1k). Two young specimens. Approx. x 15. Tvaren. 
T 288 and T 289. 


show the sharp curvature characteristic of climacograptids and have spines 
which are mesial in position. 


Climacograptus brevis vat. mutabilis nov. 
Pl. I, figs. 6-10, Pl. II, figs. 2-4, text-figs. 4-8, 9 (A). 


1940 Climacograptus aff. kuckersianus HoLM MS, Wiman — BuLMan, in 'THORSLUND, 
p. 114. 

Holotype is the specimen figured here as text-fig. 6. Rhabdosome up to 
8 mm long and 1.5 mm broad, widening slowly throughout its length; thecae 
I4-I15 in 10 mm, overlapping } of their length; apertural excavations occu- 
pying 4-3 of the length and about 4} of the breadth of the rhabdosome; sep- 
tum complete; virgula strong and wiry. 

The sicula is 1.3-1.5 mm long, reaching to the level of the aperture of 
th 21, but as the prosicula passes gradually into the nema (later the virgula), 
its limits are difficult to determine exactly. The prosicula is about 0.3 mm 
long and has a breadth of 0.1 mm at its aperture. The virgella is developed 
in what appears to be the usual manner after about 0.3 mm of the meta- 
sicula has been formed (Pl. I, fig. 6) and is free for up to 0.5 mm at the 
sicular aperture where it is often thickened by material from th 11. The mouth 
of the sicula is even and without processes except for the virgellar side 
which is produced along the virgella (Pl. I, fig. 6). 

The initial foramen is formed by resorption about halfway down the meta- 
sicula and probably before the growth of the sicula is complete, since in 
young specimens (e.g. Pl. I, fig. 6) it is nearer the aperture than in older ones. 

The initial bud grows across the virgella and down the sicula for a short 
distance before giving rise to the foramen for th12. This is formed by the 
almost complete cessation of growth next the virgella, giving a thickened 
border (6 in text-fig. 4), while growth continues on the outer edge so that 
a hood is formed. The upper edge of this hood grows across the initial bud, 
and slightly upwards, towards the virgella. The lower edge of the foramen is 
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Text-fig. 4. Climacograptus brevis var. mutabilis noy. Series of growth stages showing the devel- 

opment of th1? and the initial part of th1?. Approx. x 100. a, initial bud. 6, thickened border 

of initial bud. h, hood over foramen of th 17. 7, selvedge formed at reflected part of th 1}. 

Growth lines on sicula omitted; virgella shown solid black. A—T 290; B and C—T 302; D—T 
291; F—T 292. 


formed by a few growth bands which grow out from the virgella towards the 
hood and thus divide the opening into the two parts which develop into the 
first two thecae. These few growth bands are succeeded by the normal growth 
bands of th1! continuing from the obverse side (text-fig. 4D). 

On the reverse side, the early part of th 11 ends at a thickened edge (r in 
text-fig. 4D) where the theca is sharply reflexed. ‘The upgrowing portion of 
th 11 on the reverse side has no direct contact with the earlier downgrowing 
part and completely encloses it. On the obverse side, the growth lines can 
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Text-fig. 5. Climacograptus brevis var. mutabilis 

nov. Reconstruction of proximal end partially 

dissected to show the initial bud and the bar be- 
tween th 11 and th 12. x 50. 


be seen to pivot on the point where the thickened edge ‘‘7’” meets the outer 
thecal wall (Pl. I, fig. 10). 

From its highest point, where the upper edge of the hood meets the si- 
cular wall just below the initial foramen, the upper wall of th 1? appears to 
have grown downwards for a little before finally turning upwards and out- 
wards. Between the sicular wall and the reverse wall of the rhabdosome there 
is a well-marked thickened bar which appears to be connected with the hood 
on its sicular side. It cannot be seen whether or not the hood is ever con- 
tinuous down to this level (with the bar forming merely the thickened edge 
of the hood) but it is possible. In that case, th2! would have to develop 
after thi? had grown past the bar. The outer wall of th 12 is, however, en- 
tirely distinct from the hood. Its first few growth lines run across the angle 
of th 11 without interruption but the next two or three can be traced into 
the outer end of the bar in most specimens (text-fig. 7A) and then on to 
the edge of th1!. In a few specimens (e.g. text-fig. 7 B), these growth lines 
cannot be traced into the bar which then appears to be attached to th 11 
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Text-fig. 6. Climacograptus brevis var. mutabilis nov. Largest isolated rhabdosome. Holotype. 
Tvaren. Xx 30. T 293. 


(see discussion below). At this stage, the growth lines near the bar are very 
close together while those at the ventral edge of th 12 are well spaced until 
the free ventral edge of the theca is nearly vertical. Continuous broad bands 
are then formed across the theca with some intercalated narrower ones at the 
inner margin above the bar indicating the development of the initial part of 
th 21. A second interpretation is therefore that the foramen for th 2! is be- 
tween the observed part of the hood and the bar, which would then be formed 
between th 1? and th2!. 

At the level of the first thecal aperture, the growth lines of th 21 become 
distinct from those of th 1? (text-fig. 7 B) and shortly afterwards those of the 
initial part of th 2? appear as intercalations. 

Only a few specimens have been obtained which show satisfactorily the 
development of the later thecae. At the level of the second thecal aperture, 
the interthecal septum between th2! and th2? is formed and the growth 
lines beyond this are rather irregular for a short space before th 3! becomes 
distinct from th 22. At this point in one specimen (fig. 6), the median septum 
is initiated on the reverse side and a little above this, th 3? is developed. 
Later thecae are formed in linear series from these two which arise from 
th 22. Another specimen shows the beginning of the septum delayed still fur- 
ther as it arises between th 31 and th 32, the latter budding off just above the 
proximal end of the former. 

The median septum is marked by rather close but regular growth lines 
which tend to run diagonally instead of horizontally. The stout but flexible 
virgula connects the two parts of the septum so that the growth lines form 
an inverted V (text-fig. 6). The apertural margins are considerably thickened 
by secondary growth as are also the upper edges of the interthecal septa, which 
thus clearly delimit the margins of the excavations (text-fig. 6). ‘The number 
of growth lines per theca decreases distally as has been noticed in other 
diplograptids but there is also apparently considerable variation in the number 
in the first theca alone, complete specimens having from 24 to 30 growth 
lines in the upgrowing portion of the theca. 

The most interesting result from the examination of these specimens has 
been the discovery of the bar between the sicula and the outer thecal wall. 
As remarked above, no specimen shows the hood of the second thecal foramen 
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Text-fig. 7. Climacograptus brevis var. mutabilis nov. (A) Enlargement of part of Plate VI, fig. 5. 
x 120. T 286. (B) Young specimen showing th 11 and th 1?, Approx. x 60. T 294. Tvaren. 
continuous with the bar although such a connection might easily be destroyed 
in preservation or the later preparation of the material. It seems unlikely, 
however, since several specimens show the hood at exactly the same stage 
as shown in text-fig. 4 B although th 12 may be complete. Text-fig. 7 A shows 
the disturbance in the growth lines of th 12 caused by the bar which must 
therefore have been formed after the start of the upward growth of th 12, 
unless the bar stood out as a free projection from the sicula which is un- 
likely. ‘Text-fig. 7B however shows another specimen in which the disturb- 
ance is confined to the development of a sinuous junction of th 11 and th 12 
with apparently none of the growth bands of either theca forming part of the 
bar. In this case, it seems probable that the bar was complete after th 11 had 
passed that level and before thi? had reached it. Most of the specimens 
available are too damaged for any reliable estimation of the relative growth 


ih 


| 


i) 


‘) 


Text-fig. 8. Climacograptus brevis var. mutabilis nov. 
Young specimen showing regeneration of part of th12. 
Approx. x 60. Tvaren. T 295. 
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positions of the first two thecal apertures at any given stage to be made. 
There is also far too much variation in the growth lines of the early part of 
th 1? for conclusions to be based on only a few specimens. For example, 
while in text-fig. 7 B, the somewhat irregular growth bands of th 12 are formed 
of two parts with the typical zig-zag suture after the first six or seven, in 
text-figs. 7A, 8, the growth bands are simple until the theca is free of the 
sicula. These two, however, also show growth lines running into the bar, 
and it is possible that the two phenomena are connected. 

The significance of the bar must at present be left open to question. Al- 
though not previously described, it can be seen in a few specimens of Cli- 
macograptus brevis figured by BuLMaN from Laggan Burn and so is not pe- 
culiar to the Swedish specimens. In none of the Laggan Burn specimens, 
so far as can be seen from a preliminary examination, are the growth lines 
of th r? affected and other specimens of C. brevis do not even show a sinuosity 
of the line between th 11 and th 12. If the bar is merely a strengthening device, 
its occurrence in this species might be accounted for by the fact that th 1! 
grows back sharply on the downgrowing initial bud. In all the other diplo- 
graptids so far described in detail, the space between the upgrowing th 1! 
and the sicula is filled with the wide hood of th 1? which serves to connect 
the two, while in C. brevis there is apparently no connection between the 
upgrowing thi! and the reverse side of the sicula except the bar. 

Text-fig. 8 shows an interesting example of regeneration of a damaged 
thecal wall. Th 12, when about half grown, has lost a semicircular piece of 
the wall which has then been replaced by a series of curving growth bands 
filling the gap. At the same time, th1! appears to have added a few extra 
growth bands at its aperture. 

The specimens described here were recorded as Climacograptus att. kucker- 
sianus HoLmM by BULMAN (in THORSLUND 1940, p. 114) but the more detailed 
examination since has shown them to be closer to Climacograptus brevis. C. 
kuckersianus was first described by WIMAN (1895, p. 37, pl. ix, figs. 2, 3; 
pl. x, figs. 1-5) but his description is very meagre and the characters of the 
species must be derived from his figures which, however, only show the 
external appearance of the specimens. The septum appears earlier (at the 
level of the first thecal aperture) than in any of the T'varen specimens but 
that is probably of little significance since the T'varen material shows varia- 
tion in the position of the septum and WRN (1948, p. 451) has shown that 
even in a continuously changing group of climacograptids, the position of 
the septum does not vary continuously, being, as it is, dependent on which 
theca is giving rise to the double series. 

The apertural excavations are much narrower in C. kuckersianus than in 
the Tvaren material and this appears to be the chief distinguishing feature. 
Wiman’s figure apparently shows some congestion of the growth lines in the 
initial part of th1®, probably due to the presence of the peculiar bar. 
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The Tvaren specimens appear to be sufficiently close to C. brevis to be 
regarded as a variety of that species. They differ from the typical form in 
having a longer sicula (reaching the level of the aperture of th 2! and resem- 
bling C. kuckersianus while the sicula in C. brevis brevis only reaches the 
aperture of thi?) and in having the distal excavations rather sharper in out- 
line. The varietal name mutabilis is given in consideration of the extreme 
variability in detail of the proximal end. 


Genus Orthograptus 


Orthograptus uplandicus (WIMAN) 
Text-figs. 9 (B and C), ro. 


1895 Diplograptus uplandicus n. sp. — WIMAN, p. 36, pl. IX, fig. 1. 
1940 Diplograptus (? Glyptograptus) uplandicus WiMAN — BULMAN, in 'THORSLUND, 
p. I14. 


Rhabdosome up to 2 cm long and 2 mm broad increasing slowly through- 
out its length from an initial breadth of about 1 mm; thecae 11-12 in 10 mm, 
the proximal ones with distinct apertural lappets; virgella long, up to 5 mm; 
median septum beginning at the 7th thecal pair. 


Text-fig. g. (A) Climacograptus cf. brevis var. muta- 
bilis nov. x 5. (B), (C) Orthograptus uplandicus (W1- 
MAN). Reverse and obverse views. x 5. Tvdren. 


The sicula is 1.2-1.4 mm long (of which the prosicula forms a little more 
than a quarter), and has an apertural breadth of 0.3 mm. The virgella is 
very long even in the young growth stages and is formed in the usual way 
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Text-fig. 10. Orthograptus up- 

landicus (WIMAN). Broken prox- 

imal end of young specimen. 
x 40. Tvaren. T 282. 


when the metasicula is about 0.2 mm long. The sicular aperture bears a pair 
of processes 0.2 mm long on the side opposite the virgella. The initial bud 
arises about halfway down the metasicula and a little lower develops a hood 
forming the foramen of th 1?. 

The two basal thecae bear prominent apertural spines as well as the dis- 
tinctive lappets but the later thecae only carry the lappets which become 
smaller distally and cannot be detected after the 8th or gth thecal pairs. 
The distal part of the rhabdosome is definitely quadrangular in cross-section 
and the proximal thecae show only a slight curvature of the free ventral 
wall. The excavated appearance of many of the specimens in shale is probably 
due to the infilling of the apertures which are crescentic when viewed from 
above and the proximal parts of the free ventral walls are thus obscured. 

The virgula is never prominent though it can be seen in the distal part 
of the rhabdosome when the specimen is damaged. The median septum 
appears to develop regularly between the 13th and 14th thecae but its structure 
cannot be determined. 

Only a few specimens have been isolated from the limestone and these 
are all rather crushed. Nothing can therefore be said at present about the 
detailed development of the second and later thecae. 

The quadrangular cross-section and the relatively straight thecae combine 
to place this species in Orthograptus rather than Glyptograptus while the aper- 
tural lappets and inclined apertures together with the stout virgella and basal 
spines indicate affinities with the group of O. calcaratus although it is rather 
smaller than the other species in that group. In isolated specimens a notable 
feature is that the first two thecae have modified apertural margins similar 
to those of the later thecae (text-fig. 10). In the majority of the diplograptids 
described in detail so far, the first pair of thecae are simple tubes with even 
apertures. 


62 ISLES STRACHAN 


Family Acanthograptidae 
Genus Acanthograptus 


Acanthograptus suecicus (WIMAN) 


Plate II, figs. 5-11, text-figs. 11, 12. 


1937 Acanthograptus suecicus (WIMAN) — BULMAN, p. 182, text-figs. 1, 2 (with full 
synonymy). 


The structure and affinities of this species have been fully dealt with by 
BULMAN in the paper quoted above, but some further details are now avail- 
able owing to a re-interpretation of some of his sections in the light of later 
work by KozztowskI (1938, 1947, 1949) and BULMAN (1942, 1944) on the 
internal structures in dendroids. The specimen showing the proximal end 
and disc of attachment mentioned by BULMAN (1937, p. 183) has been seri- 
ally sectioned and it is now possible to give some details of the initial devel- 
opment of the rhabdosome. 

The serial sections were cut at intervals of 8 and show throughout a 
thick development of cortical tissue round the thecae themselves. This second- 
ary tissue shows very little signs of structure apart from an irregular layering 
in some parts of the sections and in general appears to be somewhat gela- 
tinous in nature. The first twenty or so sections are apparently through the 
basal disc which is composed of cortical tissue. There is no sign of the sicula 
in the first five sections and it appears first at one side of the disc as pre- 
served in the sections (see Pl. II, fig. 8). 

The total length of the sicula is unknown. It can be traced in the sec- 
tions for o.4 mm and, judging from its appearance before sectioning, was 
probably not more than 0.6 mm when complete. Its diameter is 0.1 mm for 
most of its length and there is no apparent widening from its apex to its 
aperture. In the first section showing the sicula, the initial bud is present 
outside the sicula and appears to have divided already to form the first triad 
(Pl. II, fig. 8). Throughout the next fifteen sections the sicula and bud be- 
come surrounded by the secondary tissue while the bud grows across the 
sicula, its position relative to the sicula as seen in section swinging round 
about go’. It is probable that the triad is at this stage still inside the first 
stolotheca but no definite stolothecal wall can be seen. The triad consists 
of a stolotheca and a bitheca with a small but distinct autothecal stolon be- 
tween them (Pl. II, fig. 9). 

Section 1g (text-fig. 11) shows the first autotheca developing from its stolon 
while the stolotheca of the same triad is filled with the developing stolon 
of the next triad. In sections 20-22, the autotheca widens rapidly to its full 
size which is equal to that of the sicula, and in section 22 the second triad 
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Text-fig. 11. Acanthograptus suecicus (WIMAN). Part of section series through the proximal end 
of the rhabdosome. T 278. Section interval 84. x 100. Periderm shown black; for detailed 
structure see Pl. II. S: sicula. a!, a”, a®: autothecae of successive generations. s1, s?, s*: stolo- 
thecae. b1, b?, b*: bithecae. 
is clearly seen within the stolotheca. The triad at this stage consists of three 
thick-walled tubes, two approximately equal in size with the much smaller 
third one between them and slightly towards the inner side. In section 25, 
the two larger stolons have enlarged considerably to form the bitheca and 
stolotheca, the former being the larger and having a clear lumen while the 
stolotheca shows the continuing stolon in its centre (better shown in sec- 


tion 27). 
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The small autothecal stolon is very well shown in sections 30-34. It is 
probable that the large space in these sections between the bitheca and the 
stolotheca of the same triad is really the base of the autotheca which has 
developed a pouch-like process proximal to the end of the autothecal stolon 
which can still be seen in section 35. 

Section 36 shows the third triad in the lumen of the second stolotheca, 
with an appearance comparable to that seen in section 22. A feature which 
appears to be of regular occurrence is the presence of granules in the thecal 
stolons just below the points where they open out into the thecae. In the 
later sections the cortical tissue becomes much reduced in quantity though 
there remains quite a thick covering round the thecae which are compacted 
into a roughly cylindrical form (PI. II, fig. 7). The triad divisions take place 
regularly and at the same levels at which the autothecal stolons of the previ- 
ous triad widen rapidly to form the true autothecae. This relationship may 
not hold for the more distal part of the rhabdosome examined by BULMAN 
where the triad divisions are also slightly less frequent, numbering 8 in 170 
sections as opposed to 4 in the first 50 sections at the proximal end, all the 
sections being nominally 8 yw thick. 

The first bitheca cannot be definitely traced at the level of the sicular 
opening but it is probable that it opens beside the sicula, apparently the 
usual arrangement in dendroids. Unfortunately the sections beyond this level 
are rather broken for about 15 sections and it is impossible to trace the thecae 
definitely through the gap. 

The stolons are generally only preserved for a short distance at a time 
though the autothecal stolons are very prominent. Occasional traces of the 
stolothecal stolon can be found throughout its length and the triad divisions 
are usually easily seen. The alternation of the relative positions of the stolo- 
and bithecae in succeeding triads appears to be an essential part of the di- 
vision. 

KozztowskI has figured stages in the initial development of the dendroid 
colony (1947, fig. 3) and these show several points which can be deduced 
from the serial sections described here. The first triad division takes place 
as soon as the initial stolon appears outside the sicula and the development 
of the autotheca is conspicuously delayed. Though his siculae are consider- 
ably longer than those of A. suecicus, there appears to be little room for 
more than two triad divisions before the sicular aperture. In his 1949 paper 
(p. 139), Kozzowsx1 describes the proximal end of what is probably a rhab- 
dosome developed from a stolon since while having the outward appearance 
of a young individual, it has no sicula. In this specimen of Acanthograptus 
czarnocku Koztowski, the stolon present at the base produces a triad at 
560 from the base and a second triad after another 250 w. These are both 
however much longer than the stolons in A. swecicus which are only 120 4 
long at the proximal end and about 170, long in the distal parts of the 
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Text-fig. 12. Acanthograptus suecicus. Diagrammatic reconstruction (after BULMAN) of proximal 
end showing first thecal grouping (au 1, 3; bi 2, 3) and probable second group (au 2, 5; bi 4, 
5). Vertical scale x 200 approx. 
rhabdosome. Unfortunately the length of the stolon can only be determined 
in a few favourable cases and at present cannot be used in classification 

though it may be of considerable systematic importance. 

Text-fig. 12 is redrawn from a diagram by BuLMAN which shows the thecal 
grouping beyond the stage shown in the reconstruction (PI. II, fig. 6). Owing 
to the break in the section series the grouping of the thecae in the first twig 
cannot be definitely proved but the diagram shows how the characteristic 
grouping of Acanthograptus can be attained from the proximal end. KozLow- 
skI has claimed (1949, p. 139-140) that in A. czarnocku the autothecae are 
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separated by sometimes one and sometimes two generations. BULMAN’s re- 
examination of A. suecicus suggested that there were regularly two genera- 
tions between the autothecae of a twig and in WIMAN’s table (1895, p. 65) 
it is quite possible that there is another generation between his thecae b and 
b, as his section series does not show the origin of his theca b. KOZLowskKI’s 
specimen of A. czarnockii (KOZLOWSKI, 1949, text-fig. 37 A) shows the same 
grouping except for his third twig, but that is at the growing point of his 
specimen and there is no need to assume that the visible grouping is the 
final one (i.e. I[I—-a4, a6, b6) and that autotheca 7 could not develop in time 
to make the normal grouping of a4, a7, b6, b7. 


Family Dendrograptidae 
Genus Dendrograptus 


Dendrograptus sp. 
Text-fig. 13. 


1928 Temnograptus sp. — Opik, p. 38, pl. III, fig. 20. 


A large number of fragments probably referable to this genus have been 
obtained from the limestone blocks. The branching is only by dichotomy 
but appears to be rather irregular. Some specimens show branching every 


Text-fig. 13. Dendrograptus 
sp. x5. Tvaren. T 284, 
T 280, and T 279. 
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two to four thecae while others may have ten or more thecae before dividing. 
Up to fifth order branches have been found in spite of the fragmentary 
nature of the material. 

The stipes have a breadth of about 0.5 mm and the longest isolated piece 
is 2 cm long. The thecae are simple and number 11-12 in 10 mm. Bithecae 
have been observed but no details of the internal structure are available as 
serial sections show that very little is preserved beyond the outer walls of 
the rhabdosome. Some of the specimens show considerable secondary thick- 
ening and probably represent the more proximal parts of the rhabdosome. 
The thecal apertures are very obscure in most of these. In the distal parts 
of the rhabdosome, however, the bithecae appear to open into the autothecal 
cavity just below its opening. The evidence of the serial sections is not in- 
consistent with this interpretation which has been described by BuLMAN for 
Dendrograptus rigidus (1936, p. 18). 

The specimens are certainly not referable to the type species of Temno- 
graptus in which the branching is much more widely spaced and the thecae 
are fewer per cm. Dendrograptus rigidus is probably the closest form but has 
about twice as many thecae per cm though its size and branching are very 
similar to those of the material from Tvaren. 
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Explanation of Plates 


Plate I 


Dicellograptus divaricatus var. salopiensis ELLES and Woop. 


Growth stage with early development of th 22. x 50. T 301. 
Late growth stage with beginning of th 32. x 22. T 298. 
Early sicula. x 80. T 296. 

Later sicula with virgella. x 80. T 297. 

Complete sicula with initial bud. x45. T 300. 


Climacograptus brevis var. mutabilis nov. 


Metasicula viele virgella and initial foramen. x 50. T 305. 

Metasicula with initial bud and foramen of th 12. x50. T 302. 

Slightly later stage than that on Pl. II, fig. 4 showing the bar between th 1! and th 12, 
and the beginning of the outer wall of th1?. x 50. T 304. 

Reverse and obverse views of stage with three thecae. x 50. T 286. 


Plate II 


Dicellograptus divaricatus var. salopiensis ELLES and Woop. 


Broken sicula showing virgella and initial foramen. x 45. T 299. 


Climacograptus brevis var. mutabilis nov. 


Adult thecae in relief. 17. P2385: 
Young specimen, compressed. x 17. T 283. 
Complete sicula with developing thit. x 50. T 303. 


Acanthograptus suecicus (WIMAN). 


Photograph of proximal end of specimen before sectioning. x 4.75. 

Restoration from sections of the internal casts of the thecae of the proximal end. x 175. 
Serial section no. 36. x75. 

Serial section no. 7. x75. 

Serial section no. 19. X75. 

Serial section no. 22. X75. 

Drawing of proximal end before sectioning. x 22. 


Plate I 


Bull. Geol. Inst. Uppsala. Vol. XXXVIII: 5 
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6. The Alkali feldspars in the Phlegrean volcanic 
Sequence, Italy 


By 


Hans W. Lindholm 
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Introduction 


In a recent paper on the sediments of the Central Tyrrhenian Sea by 
E. Norin (1958), a series of chemical analyses of obsidians and pumices 
from the Late Quaternary volcanic sequence in the Phlegrean Fields, north- 
west of Naples, has been published. The petrographical investigation of these 
obsidians was enthrusted to the present author. The results are herewith 


presented. 


The volcanic history of the Phlegrean Fields during the Quaternary has 
been revealed by G. De Lorenzo (1904, etc.) and by A. Rirrmann and 
collaborators (1951). The following summary of their results as well as of 
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the other rather extensive Italian literature on the subject, is based on the 
survey given in NORIN’S paper. 

The volcanic activity in the Phlegrean Fields proper, seems to have started 
at the beginning of the first Wurm Glacial (LGL,) (KyRue, 1947). It con- 
tinued intermittently throughout the Wiirm and Postglacial time, the last 
eruption on record taking place in 1538 with the formation of the small 
Monte Nuovo conelet on the shore of the Gulf of Pozzuoli. 

De LoreNzo distinguished three periods of intense volcanic activity in the 
region, each period being separated from the following by a lengthy stage 
of volcanic quiescence. To the First Phlegrean Period he referred the 
very thick and widely distributed gray Campania tuff (tufo grigio campano), 
as well as an overlying younger series of lava beds and pyroclastics of sim- 
ilar petrographical character (Ciclo eruttivo antico of R1TTMANN), which ter- 
minates with very large volcanic breccias and conglomerates, breccia museo, a 
formation found all over the Phlegrean Fields and also far outside the region. 
According to RITTMANN et al. (1951), the gray Campania tuffs represent 
the ejecta of enormous volcanic explosions of a pre-existing huge volcano, 
the Archiphlegraeous, which occupied the greater part of the present Phlegrean 
Fields. The following specimens of obsidians originate from the upper series 
of volcanics (Ciclo errutivo antico): 


Spec. 11a, obsidian from a boulder of pipernoid tuff in the breccia museo 


at Soccavo; 

Spec. 11b, pipernoid lava from Hor. 7f or 7h in RITTMANN’s section at 
Soccavo; 

Spec. 12, a bomb of obsidian from Hor. 3b in RirrMaNn’s section at Torre 
di Franco; 


Spec. 32, obsidian in pipernoid tuff from Hor. 5 in ViGHI’s section No. 
1 at Torre Gaveta. 


The Second Phlegrean Period of De Lorenzo is represented mainly 
by the Neapolitan yellow tuff (tufo géallo napoletano) which covers the pro- 
ducts of the First Period almost everywhere and locally attains a thickness 
of some 200 m. An interval of extensive erosion during which humous soils 
were being formed, separates these tuffs from those of the First Period. 
This very thick formation of fine tuffs differs, petrographically, from most 
other tuffaceous formations in the Phlegrean Fields by the peculiar hydro- 
chemical alteration to which the ashes have been subjected, an alteration 
which probably has taken place in close conjunction with the deposition of 
the ashes (NoRIN 1955). As to their mode of formation, they are generally 
assumed to have erupted in the form of clouds of incandescent volcanic 
dust and gases, nuées ardentes. The tuff was ejected from a number of vol- 
canoes, int. al. Mofete, Gerolomini, Chiaia, Capodimonte, Secche di Miseno 
and Gauro. 
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Sometimes, but rather rarely, lapilli or small bombs of quite fresh obsidian 
are to be found in the chaotic yellow tuff; these are supposed to represent 
the lava from which the tuff originates. Chemically these obsidians differ 
from those of the First Period in being highly potassic (k = 0.62 in the for- 
mer, 0.42 in the latter in average). Three such bombs were collected at 
different localities, viz. the following: 


Spec. 10a, obsidian from the tufo giallo in Valle Verdolino, Camaldoli; 
Spec. 21, obsidian from tufo giallo at Cuma; 
Spec. 33, obsidian from the large pit in tufo giallo above Torre Gaveta. 


The Third Phlegrean Period (Ciclo eruttivo recente of RITTMANN) 
extends into Historical times. Its products consist mainly of subaerial pyro- 
clastic materials: ashes, scoriae, pumice, and breccias with only a few flows 
of lava and intrusive bodies. To the earlier part of this period belong, ac- 
cording to VENTRIGLIA (1951), the volcanoes of Agnano, Montagna Spaccata, 
and Pisano; to the later part belong the volcanoes of Solfatara, Cigliano, 
Averno, Astroni, Fossa Lupara, Senga, and Monte Nuovo. Chemical analyses 
of specimens from the following localities are available: 


Spec. 13, pumice from the western slope of Astroni; 

Spec. 14, bomb of obsidian from the Senga tuff beds on the autostrada 
west of Senga; 

Spec. 16, obsidian from Agnano tuff on the western side of Monte Spina. 


1. Petrographical description of the material 


1. Obsidians referable to the First Phlegrean Period 


Specimen 11a from the breccia museo. The glossy velvety black ob- 
sidian of this rock forms thin outwedging cakes, seldom more than a few 
cm thick, embedded in light coloured pinkish brown, easily crumbling tuf- 
faceous material (piperno), probably clods of lava ejected by lava fountains. 

The tuff contains fragments of volcanics of various character, e.g. alkali- 
trachytes, trachytes, latites, vicoites etc., varying texturally from glassy to 
holocrystalline. There are also fragments of abyssal rocks such as alkali- 
syenites, plagioclase-bearing syenites, monzonites, sodalite foyaite, and hauyn 
foyaite; occasionally fragments of the green epomeo tuff, typically developed 
on Ischia, have been found in the breccia. At Camaldoli the breccia museo 
rests upon piperno and is overlain by white tuff (tuft biancastr1). 

The obsidian, apparently homogeneous to the naked eye, is seen under 
the microscope to possess a rather diversified texture: it is partly glassy, 
partly streaky by flowage, partly brecciated with fragments of various textural 
development. These fragments may consist of (1) partly altered brownish 
glass, (2) devitrified glass with spherulitic texture, and (3) fragments with 
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Table Ia. Obsidians from the Phlegrean volcanic sequence 
Tufo giallo 
Period I I I I AM Il II Til23\e 111-39) se 
We lores L&C. A.L.|C.A.L.)| C.A.L. |L&C.A.L. Ue CALE a CAL a CrAC Le ae: L 
oe T a Breccia | V. Ver- | T. 
orre orre reccia . Ver- orre ; 
Gaveta | Franco Seccavo Museo dolino | Gaveta M. Cuma) Agnano| Astroni) Sq 
Sps32)| Sp. 12] Sp. fib | "Sp. tra | Spr 2oal| Sp-.33) | op. 2) | |popelO ope lanl mom 
SiO, 60.11 59.26 60.48 60.44 56.71 57-14 56.47 | 56.33 58. 
AO}. 0.71 0.50 0.42 °.71 0.59 0.53 0.66 0.17 bi 
Al,O, 18.88 18.60 18.56 18.41 18.50 17.82 itypsstey || aks wy it 19. 
Fe,O, 0.67 0.71 ZG) 0.88 2.30 2.22 1.61 2.74 ° 
FeO 2.09 2.50 0.81 1.87 2.06 2.14 B22 1.99 3 
MnO 0.27 0.29 0.25 0.29 0.14 0.12 0.18 O.11 °. 
MgO 0.17 1.04 0.80 0.21 0.69 1.48 2G 0.51 °. 
CaO 1.81 1.75 1.79 1.90 3.83 3.44 4.80 4.12 3 
Na,O 6.42 fea 6.09 6.67 3.59 3-43 BN2 3.60 4.08 4 
K,O 7.14 a fins 7.21 7.20 8.96 8.45 8.12 7.85 7.98 8 
IBISOFr 0.35 0.47 0.59 0.41 2.38 oN) 1.01 2.89 
HO= n.d. n.d. n.d. 
POF O.1I 0.06 0.07 0.12 0.18 0.19 0.29 0.25 °. 
CO; 0.00 n.d. n.d. no 
F neg. O.1 
| 99.42 | 99.78 | 99.11 | 99.93 | 99.2 | | 99.62 | 99.91 | x00 
Table I b. Molecular norm 
Sp. 32 || Sp. 12 |p. 11b | Sp. 11a | Sp. 10a | Sp. 33 | Sp. 16 | Sp. 13 | Sp. 14 
Or 41.70 40.95 41.85 41.85 53-80 51.05 46.55 48.05 50.75 
Ab 38.40 30.31 39.76 37.06 19.71 25.35 20.65 24.80 22.81 
An 1.58 2.03 8.05 8.48 9.27 9.45 7.80 
Ne 11.16 16.62 8.40 12.00 7.83 3.66 7.08 Hse 8.16 
Sal] 92.84 87.88 92.04 90.91 89.39 88.54 83.55 89.83 89.52 
Ns 0.57 
Ac 1.96 1.48 
Di 5.26 6.46 5.08 6.02 6.92 6.16 10.26 6.46 5.52 
Ol PAS 1.78 BeOn 2.39 
Mt 0.69 0.99 0.34 2.45 etal 1.70 2.93 0.68 
Hm 1.20 
Il 0.98 0.68 0.58 0.98 0.84 0.76 0.92 0.24 Be 7] 
Ap 0.24 O.II 0.13 0.27 0.40 0.40 0.53 0153 0.53 


Fem | Ci tg/ | 12.12 | 7.98 | 9.09 | 10.62 | 11.45 | 16.45 | 10.16 | 10.49 
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Table Ic. Niggli values 


Sto. 3 |) shox, || Shen aes | Sp. 11a | Sp. 10a} Sp. 33 | Sp. 16 | Sp. 13 | Sp. 14 
si 226 207 220 226 197 199 180 194 201 
qz — 36 a Ae =33 — 39 =31 —22 —28 == 31 = 30 
al 41.86 38.19 39.82 40.60 37.86 36.64 33-45 37.96 38.64 
fm 10.28 15.42 15.00 10.41 15.98 20.12 23.05 15.78 16.31 
c 7.30 6.53 6.98 7.62 14.25 12.85 16.40 15.18 12.30 
alk 40.55 39.86 38.20 41.37 31.91 30.39 27.09 31.08 32.76 
k 0.42 0.40 0.44 0.42 0.62 0.62 0.59 0.56 0.58 
mg 0.09 0.35 0.29 O.11 0.22 0.38 0.44 0.17 0.31 


trachytoidal pilotaxitic texture crowded with microlites of sanidine and minute 
stout crystals of pyroxene almost to the exclusion of glassy base. The frag- 
ments are embedded in a brownish glass with beautiful flowage structure 
containing scattered phenocrysts of sodic sanidine (Or,,Ab,,) up to about 
5 mm in length along the a-axis, plagioclase (Ab,,An,,) (<2 mm), augitic 
diopside (<o.5 mm), and magnetite. The phenocrysts have acquired a pre- 
ferred orientation with the long axis parallel to the plane of flowage. 

Specimen 11b originates from RiITTMANN’s classical piperno locality at 
Soccavo, the horizon No. 7f or h in his section (1951, Fig. 13). Chemically 
this rock is almost identical with the pipernoid lava Spec. 11a in the breccia 
museo, the only essential difference being the state of oxidation of the iron 
(cfr. Table I). In handspecimen the rocks have a rather different appearance: 
Spec. 11a being a glassy black obsidian, Spec. r1rb a flamy, gray phanero- 
crystalline rock with rough surface. It contains scattered phenocrysts of sodic 
sanidine (Or,,Ab,,), more rarely andesine (Ab,,An,,), and pyroxene in a 
groundmass of devitrified glass with spherulitic texture. The rays of the 
spherulites probably consist of sanidine, elongated along the a-axis (negative 
elongation, n< Canada balsam, optic plane subparallel to a-axis, 2V < 40’). 

The obsidian, Specimen 12, originates from Hor. 5 in RITTMANN’s 
section Fig. 12 at Torre di Franco (1951, p. 152). The bed is 6 m thick. 
Its upper part (5b) consists of light gray, rather coarse vesicular pumice and 
cinders with scattered bombs and fragments of black obsidian (Spec. 12). 
In the lower part (5a) the bed becomes agglomeratic, the usually elongated 
bombs being enriched into lenticular masses in the pumice and forming a 
continuous layer at the base of the bed. It rests upon stratified, light gray 
pumiceous tuff (Hor. 4) which is capped by a layer of humous soil, indicating 
that a considerable interval of time elapsed after the deposition of the sub- 
jacent ashes. 

The obsidian Spec. 12 has a streaky appearance caused by lenticular layers 
of dark grayish devitrified (?) glass alternating with black pitch-like glass. 
The latter is also layered by streaks of vesicles elongated in the direction 
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of flowage. The glass contains fluidally arranged microlites of sanidine and 
pyroxene but only a few and rather small phenocrysts of sanidine. 

The obsidian, specimen 32,..was collected from the horizon 5 in 
VicHr’s section at Torre Gaveta on the west coast of the peninsula of Procida 
(1951, sezione 1, p. 186). This bed, about 0.5 m thick, consists of rather 
incoherent pipernoid tuff with stripes and clods of much variable size of 
black glassy obsidian parallel arranged in a dark gray cineritic tuff. The 
clods of obsidian have probably been ejected by lava fountains. 

Besides the entirely hyaline large clods of black obsidian with phenocrysts 
of sanidine (Or,,Ab,,), plagioclase (Ab,,An,,), and augitic diopside, the tuff 
also contains fragments of devitrified hyaline lava with sanidine and pyroxene, 
and glass of different colours. 

Chemically, all these obsidians are very similar. (Table 1.) They are 
all of nordmarkitic-leucosyenitic magma type, characterized by k-values about 
0.42, high content of normative nepheline (8.40-16.62 mol. %), and no or 
very low content of normative anorthite. 


2. Obsidians referable to the Second Phlegrean Period 


Specimen roa is a large piece of black obsidian embedded in the yellow 
tuff at Valle Verdolino. The glass exhibits flow structure and is partly vesi- 
cular. Rare phenocrysts of sanidine (Or,,Ab,,), labrador (Ab,,An,,), augitic 
diopside, and idiomorphic biotite (lepidomelan) occur. 

Specimen 21 from tufo giallo at Cuma is an obsidian of similar appear- 
ance as Spec. 10a, but phenocrysts occur more abundantly, viz. sanidine 
(Or, ,Ab,,), labrador (Ab,,An,,), augitic diopside, and lepidomelan. 

Specimen 33, a rounded piece of obsidian from the quarry in the yellow 
tuff above Torre Gaveta. It consists of a brownish glass with flow structure 
and phenocrysts of sanidine (Or,,Ab,;) up to 4 mm in length, labrador 
(Ab,,An,,) which usually are smaller, augitic diopside, and small (<0.6 mm) 
crystals of lepidomelan. 

Chemically these obsidians differ markedly from those of the First 
Period by a strong predominance of potassium over sodium with k-values 
about 0.6, by higher content of normative An and lower normative Ne; the 
magma type has become more pronouncedly J/eucosyenitic. This change in 
the composition of the magma, which persists also in the obsidians of the 
Third Period, supports the opinion of De Lorenzo that a considerable space 
of time intervened between the eruptions of the lavas of the First Period 
and those of the Second, the breccia museo representing the concluding stage 
of the former. 


3. Obsidians referable to the Third Phlegrean Period 

Specimen 13 from the western slope of Astroni is rather pumiceous 
with numerous phenocrysts of sanidine (about Or,,Ab,,), labrador (Ab,,An.,), 
augitic diopside, and lepidomelan ranging in size between 2 and 1 mm. 
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Specimen r4 is an oblong (35x15x15 cm) bomb of obsidian with 
beautiful breadcrust structure collected in the pumiceous tuff of the Senga 
volcano. The obsidian is partly rather vesicular and contains numerous pheno- 
crysts of sanidine (about Or,,Ab,,) which occasionally attain a size of 4 mm, 
labrador (Ab,,An,,), augitic diopside, and lepidomelan. 

Specimen 16, a large fragment of obsidian, brownish and with numerous 
cracks when studied under the microscope. Phenocrysts occur fairly abun- 
dantly, viz. sanidine (about Or,,An,,), labrador (Ab,,An,,), augitic diopside, 
and lepidomelan. 

Chemically these lavas are very similar to those of the Second Period; they 
are all of leucosyenitic type with potassium greatly predominant over sodium. 


II. Mineral descriptions 


For the determination of the relation K/Na in the feldspars three methods 
have been used. 1. Chemical analysis, 2. the variation of d(z01) by the DEBYE- 
SCHERRER powder method, and 3. determination of the optical angle 2V,, on 
the universal stage. 


Chemical analysis 

In the specimens 11a, 14, and 32 feldspar phenocrysts of such size occur 
that material sufficient for quantitative chemical determination of K,O, Na,O, 
and CaO could be picked out under the preparation microscope, a proceeding 
which is facilitated by the tabular habit of the crystals. The analyses were 
made by the Central Analytical Laboratory of the University of Uppsala 
under the supervision of Professor F. NYDAHL. 


X-Ray analysis 

In an important paper on the high temperature system albite-sanidine, 
N. L. Bowen and O. F. TUTTLE (1950) found that the magnitude of the spacing 
d(3o1), as measured on the powder photogram, is a linear function of the content 
of Ab in the Or-Ab mixed crystal. The accuracy amounted to about 2% of the 
total variation of 29. Quartz and olivine were used as reference standards. 
The radiation was registered with G.M. tube. 

Further investigations of the albite-sanidine system at temperatures up to 
goo°C have been carried out by W. S. MacKenzig and J. V. SMITH (1956) 
including, besides powder and single crystal analyses, also measurements of 
the optical axial angle of the feldspars. Unfortunately no data concerning 
the dispersion of 2V, are given. 

For the present investigation the author has used a Philips 114 mm powder 
camera and CuK, radiation. The powder was enclosed in 0.2 mm Mark 
capillaries. As reference standard lead nitrate, Pb(NO,),, calibrated against 
quartz, has been used: the value 4.537 A of the (111) spacing has been 
adopted. 
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Optical analysis 


This analysis was made with a Zeiss-Winkel Standard WL Pol microscope 
provided with a four-axis universal stage adapted for conoscopic measurement 
of axial angles, a great advantage when studying the variation of 2V, in 
zonary built sanidines. 

MacKenzie and SmitH tacked on to an earlier optical investigation by 
O. F. TUTTLE (1952), who had established the existence of a low-temperature 
and a high-temperature form of sanidine, which was further confirmed by 
single crystal X-ray analysis. Optically the difference between the two forms 
is expressed in the position of the axial plane, which is parallel to (oro) in 
the high-temperature form but perpendicular to (o10) in the low-temperature 
form (see TUTTLE, 1952). Kozu et al. (1916, 1921, and 1923) has studied the 
dispersion of the optical axis in a sanidine from Eifel. He found, after heating 
the specimen, Variue> Vara and the reverse for the unheated specimen. The 
position of the axial plane was parallel to (o10) in the former case, perpendic- 
ular to (oro) in the latter. This property has been used for distinction be- 
tween the two forms. In both, the axial angle 2V, seems to vary regularly 
with the Or/Ab relation of the crystal. A zoned sanidine crystal with two 
different axial plane positions has been reported by A. HIMMELBAUER (1912, 
p. 328), and by J. F. OsTEN (1951). 

Optical measurements are hampered by difficulties of two kinds. One is the 
unmixing into two phases of the solid solution. To avoid this, MACKENZIE 
and SMITH homogenized the crystals by heating at goo°C for 24 hours. When 
the sanidines are too small to be isolated, as was usually the case with the 
Phlegrean sanidines, the method is not applicable. The second difficulty arises 
from the temperature-dependency of the optical axial angle in the low-temper- 
ature sanidine. This relation is still unsettled. 

The degree of accuracy of the optical measurements is hard to evaluate. 
The actual measurements can be made with high degree of accuracy, but the 
inhomogeneity of the material studied makes the accuracy illusory. The axial 
angle of the low-temperature form of the sanidine is not constant for a given 
chemical composition. Sanidines with low content of Ab exhibit begin transi- 
tion into the high-temperature phase on heating, as emphasized by MacKENZzIE 
and SMITH. Optically, the transition begins with a decrease of 2V, to zero, 
the axial plane rotates go”, and then 2V, again increases. Discrepancies be- 
tween the optically and the analytically determined composition of the feld- 
spars are small in the obsidians of the First and Second Phlegrean Periods, 
but become considerable in those of the Third Period. 

The amplitude of the variation of 2V, due to factors, the nature of which 
is uncertain, appears on the graphs of MacKenzie and SmIrTH (op. cit., Fig. 4), 
featuring the variation of 2V, with varying (Ab+An)/Or ratios, partly on 
natural material, partly on feldspar heated at goo°C for 24 hours. The varia- 
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tion may be visualized by boundary lines through the extreme points on both 
sides of the ideal graph and parallel to the latter. The amplitude is of the 
magnitude +20 wt%. Therefore the optical analytical method is not well 
suited for petrographical work when a homogenizing of the feldspar is not 


possible. 


A. The sanidines in the obsidian of the First Phlegrean Period 


Spec. Ita. The optical axial angle 2V, of the sanidines in this obsidian 
fluctuates slightly about 30°, corresponding to a mixed crystal of the composi- 
tion Or,Ab,, according to the graph of TUTTLE (1952). Only in two crystals, 
both with nicely zoned structure, larger axial angle was found, viz. 38°-40°. The 
dispersion is g>v in all crystals studied, indicating that the axial plane is | 
(o10). Twinning according to the Carlsbad, Manebach, and Baveno laws is 
observed, the first mentioned being the most common. 

A partial chemical analysis of the isolated crystals gave: K,O—10.7%, 
Na,O — 4.02%, CaO—0.7%, corresponding to Or,,Ab,,An,. 

The X-ray analysis gave d(301)= 4.167 A. According to the graph of BowEN 
and ‘TUTTLE (1950, p. 493) this spacing corresponds to 31.5 % of weight of 
Ab or a molecular ratio Or,,Ab,, in good agreement with the chemical 
analysis. 

The optical analysis as well as the diffraction analysis postulates, however, 
a homogeneous feldspar, into which both components enter in solid solution. 
This probably holds because no trace of unmixing can be distinguished even 
by high magnification under the microscope. 

The pipernoid lava, Spec. rrb, represents, according to RITTMANN, a lava 
ejected during the same stage as the one to which the agglomeratic obsidian, 
Spec. 11a, is due or an eruption closely preceding it, from the same magma 
chamber. The chemical composition of both rocks is very similar. The piperno 
sanidine differs from the sanidine of Spec. 11a by a notably larger 2V, which 
varies between 38° and 44° with a mean value of 41° in 14 crystals measured, 
corresponding to the composition Or,Ab,, which, however, seems too high. 

The diffraction value 4.157 A of the d(301) spacing (average of 3 samples), 
which corresponds to Or,,Ab,, is probably more plausible. In all crystals 
studied, the dispersion exhibited 9 >v. No zonal structure was observed. 

The petrography of the piperno, Spec. 11b, has been ably described by 
RITTMANN (op. cit. p. 163). He records the presence of fluorite, scapolite and 
sodalite, interspersed in the devitrified glassy groundmass. The devitrification 
and non-magmatic mineral paragenesis is ascribed to intense autopneumato- 
lysation due to soaking of the rock with very hot magmatic gases which 
contained besides water vapour, also HF, HCl, and H,5S. 

The abnormally large optical angle of the sanidine may be due to subse- 
quent heating of the crystals at high temperature (MacKenzir and SMITH, 
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op. cit. p. 419), but it is doubtful whether such high temperatures are to be 
expected in pneumatolytical processes. The amount of plagioclase in the 
norm is considerably larger in the piperno than in the obsidian, Spec. 11a. 
Therefore a higher content of (Ab+An) is to be expected in the sanidine 
of the former, but hardly as high as Ab,,. 

The chemical composition of the obsidian, Spec. 32 from Torre Gaveta is 
very similar to that of the piperno, Spec. 11b, and the obsidian, Spec. 11a; 
it also appears in similar stratigraphical position. The chemical analysis 
gave K,O—10.4%, Na,O—3.90%, and CaO-—0.8% corresponding to the 
composition Or,,Ab,;An,. 

The optical angle of the sanidine in this rock fluctuates between 27° and 
30° with an average value of 29° in seven crystals, corresponding to the 
composition Or,Ab,. The crystals exhibit faint traces of unmixing under high 
power magnification. 

The optically derived composition agrees very well with the result of the 
X-ray analysis, according to which the proportion of the alkali components 
is Or,,Ab,, (dior) = 4.166 A). It should be noted, however, that the graph of 
BoweEN and 'TuTTLe, on which this value is based, refers to pure Or-Ab mixed 
crystals; the effect of the entrance of anorthite into the system is not known. 


B. The sanidines in the obsidians of the Second Phlegrean Period 


The obsidians of this period occur in the form of lapilli or small bombs 
embedded in the Neapolitan yellow tuff. 

Spec. 33. Torre Gaveta. According to the diffraction method, the sanidine 
phenocrysts in this obsidian have the composition Or,,Ab,, (d(zo1) = 4.187 A). 
The axial angle 2V, varies between 16° and 24° corresponding to about 
Or,Ab,. 

The crystals often exhibit, however, a zoned structure, the content of Ab 
increasing towards the margin; within each zone a gradual decrease of 2V, out- 
wards is to be seen. The dispersion exhibits 9<v; the axial plane should 
therefore be parallel to (o10). Only within a thin zone in one crystal a dis- 
persion 9 >wv was observed. 

The composition of the associated plagioclase phenocrysts is Ab,,An,, 
(average of 8 crystals measured). 

Spec. 21. Cuma. The composition of the sanidine in this obsidian is 
Or,sAb,, (di3o1)= 4.199 A). The axial angle 2V, varies between 23° and 26° 
with dispersion 9<v, corresponding to the composition Or,Ab,. 

The composition of the associated plagioclase phenocrysts is Ab,,An,, 
(average of 6 crystals measured). 

Spec. Toa. Valle Verdolino. In this obsidian only a few small phenocrysts 
of sanidine were found, too small to be isolated for X-ray analysis. The axial 
angle 2V, varies between 25° and 33° with o<v. According to the graph of 
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Fig. 1. Phenocryst of sanidine in Spec. 14 
exhibiting repeated zoning. Magn. c. 20 x. 


TUTTLE these values correspond to a content of Ab about 20-30%. The 
composition of the associated phenocrysts of plagioclase is Ab,,An,, (average 
of 3 crystals measured). 

Common to all sanidines investigated in the obsidian from the Neapolitan 
yellow tuff, as compared to those in the obsidians of the First Period, is the 
much lower content of Ab. Another difference is the position of the optical 
axial plane parallel to (o10), with dispersion 9 <v. The crystals usually exhibit 
a zoned structure with a core surrounded by a shell with slightly higher 
extinction angle. Usually more or less distinct traces of unmixing are in 
evidence. 


C. The sanidines in the obsidians of the Third Phlegrean Period 


The sanidines contained in the obsidians of this period have been studied 
in Spec. 14 (Senga), Spec. 16 (Agnano), and Spec. 13 (Astroni). 

The chemical compositions of the sanidine agree rather closely with those 
of the Second Period, the average molar composition being Or,,Ab,, (cfr. 
Table II). They exhibit, however, several features observed only seldom in 
the sanidines of the earlier periods. Thus, the sanidines of the Third Period, 
which have been studied, usually exhibit a pronouncedly polyzoned structure, 
the dispersion of the axial angle in each zone being reversed to that of the 
adjoining zones. The phenomenon is particularly nicely developed in a sani- 
dine phenocryst in Spec. 14 from Senga: a fragment of a large phenocryst 
twinned to the Carlsbad law, in which 5 zones (a) alternating with 6 zones 
(b) with different optics can be distinguished (Fig. 1). In the zones a, 9 <v; 
in b,o>v. In series a, the optical axial angle 2V, decreases from 23° in the 
kernel to 12° in the outermost zone; in series } it also decreases from 38° 
in zone b, to 27° in the marginal zone b,. The change in optics takes place 
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Ta 
Chemical analysis 
Obsidian ae | Sanidine 
Period Spec. 
4 Na,O | K,O | CaO | Na,O [EeRSOn | Gec 
2 vo —_——] Mol comp. 
Weight % 
I 11a 6.67 AO 1.90 4.02 10.7 0.7 Or,.Ab,;An, 
11b 6.09 een 1.79 
12 fei AoUL 1775 
32 6.42 7.14 1.81 3.90 10.4 0.8 Or,,Ab,,An, 
Il 10a 3-59 8.96 3.83 
21 B22 Sule 3-44 
33 3-43 8.45 
III 13 4.08 7.98 4.12 
14 4.11 8.70 3-34 1.93 13.1 0.3 Or,,Ab,,An, 
16 3.60 7.85 4.80 


abruptly at the boundary between two zones. An attempt to trace the variation 
of chemical composition of these various zones from the magnitude of the 
optical axial angle according to the graph of ‘TUTTLE leads to unreasonable 
results. The bulk composition of a number of phenocrysts which were iso- 
lated and chemically analysed gave K,O — 13.1 %, Na,O — 1.93 %, CaO — 0.3 %, 
or the molar proportions Or,,Ab,,An,. In tolerable agreement with these 
values is also the diffraction analysis which gave Or,,Ab,,. 

Although the optical axial angle values thus cannot be used for determina- 
tion of the actual content of Ab in the mixed crystal accurately, the values 
probably reflect differences in composition in the various zones. According 
to the graph of TuTTLe there would be a gradual increase in Ab from the 
kernal outwards in the zones of series a, but a gradual decrease in the zones 
of series b. In the rare cases when zoning of the sanidines have been observed 
in the earlier obsidians, the optical orientation has been found to be the same 
throughout the crystal. 

The associated phenocrysts of plagioclase exhibit a distinctly zoned struc- 
ture, the composition of the kernel being An,, (average of 8 measurements), 
bordering with sharp contact on a marginal zone of the composition An,, 
(in average). 

Spec. 13. The axial angle 2V, of the sanidine phenocrysts in this rock 
fluctuates between 19 and 28° with dispersion 9<v, corresponding to a 
content of about 30 mol. % Ab according to the graph of Turrie. The An 
content of the associated phenocrysts of plagioclase averages An 


58° 
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X-ray analysis Optical analysis 


Pos. of 
Mol comp. 2Va Disp. opt. 
plane 


Mol comp. 


d(Zo1) s 
A of sanidine Zoning 


4. 167 OF Abns 30° o>v | (010) Or,Abs None 
4.157 Or,,Ab3, 38°-44° Q>v | (o10) Or; Ab; x 
4.166 Or,gAbz35 27°-30° Q>v | (010) Or,Abg ¥ 
25°-33° o<v || (o10) Org.7Abo2.3 Distinct 
4.199 Or,3Ab,; 23°-26° U>@ || (0x0) Or, Abs 4 
4.187 Or,,Ab,; 16°—24° U>e || (or0) Or,Abs ees 
U>0 |] (e10) Very 
19°—28° | 
9 \o>U | (oro) Org7Ab1-s distinct 
°23° U> (o10) with 
o anna eee eee 
4-199 TggiD17 | 38°-27° \ o>v L (010) Org-4Ab2.6 seven 
o_37° U> || (010) alternatin 
Or,,Ab pal ot : Or1o.7Abo. a 
4.195 Beis 1 pron 3! pErom sl Mare) ee, cae shells 


Spec. 16. The axial angle 2V, of the sanidine phenocrysts fluctuates be- 
tween 17° and 27° with dispersion 9<v; 2V,=27° corresponds to about 20 
mol. % Ab. According to TUTTLE pure potassic-sanidine with dispersion 9 < v 
should have an axial angle of 18-19°. The value of 2V,=17, seems rather 
low. MacKenziz and SMITH (op. cit.) as well as SCHWARZMANN (1957) point 
out the close temperature dependency of the axial angle during crystallisation. 
The low gradient of the curve makes the readings very uncertain. In two cases 
sanidine phenocryst with dispersion 9 >v were found, with 2V, varying be- 
tween 23° and 27°, corresponding to about 30 mol. % Ab. 

Diffraction analysis of an average sample gave d(zo1)= 4.195 A, corre- 
sponding to 18 mol. % Ab. 


D. The Plagioclases 


The composition of the plagioclases has been determined on the universal 
stage, in some cases using the zone method of Rirrmann, when the crystals 
were too small for complete measurements of the position of the indicatrix. 
Twinning according to the Albite, Carlsbad-Albite, Pericline-Albite and 
Manebach laws have been observed. 

According to Table III, the plagioclases of the First Period are notably 
richer in albite than those of the Second and Third Periods averaging about 
39 mol. % An. No zoning occurs. In those of the Second Period some zoning 
can be traced and the composition of the core usually differs only slightly 


82 HANS W. LINDHOLM 


Table III 
Number of Mol. % An 
i : tal Y  Zonati 
Lal Ga kaa igen iss A Shell Core avs 
I Ila 6 none 40 
11b I 5 37 
32 7 » 39 
Il 10a 3 some 58 
21 6 53 58 53 
33 8 9 57 5° 
Ul 13 3 ; 58 
14 8 Ss 54 66 
16 6 


» 57 


from that of the shell; in the few cases when measurements were possible, 
the shell was more calcic than the core. The plagioclases of the Second 
Period average about An,,. 

The content of An in the plagioclases of the Third Period is similar to 
that of the Second Period or perhaps slightly higher as an average. The 
zoning of the crystals is ‘normal’ with a more calcic core, as a rule. Glassy 
inclusions occur occasionally, orientated preferably along (o10) and (oor). 

It should be noted that the appearance of zoned plagioclases in the ob- 
sidians of the 2nd and 3rd Periods coincides with the appearance of zoning 
in the associated sanidine phenocrysts. Therefore, the zoning may be due 
to the same environmental factor in both cases (see below p. 85). 


E. Biotite 


No phenocrysts of biotite were found in the obsidians of the First Period 
but solitary crystals occur in those of the Second and Third Periods. In the 
specimens investigated the axial angle 2V« varies between 25°.5 and 33°.5 
with v>0,y—a about 0.06 and «=brown, B=y=dark brown. It is a lepi- 
domelan, probably with rather high content of iron. 


F. Pyroxene 


Judging from the optics, the composition of the pyroxenes differs only 
slightly in the various obsidians, no systematic differences being in evidence. 
Zonal structure was noticed in some cases. In one crystal, exhibiting a 
hour-glass structure (Fig. 2), the angle cy was 41° in the core and 47° 
in the shell indicating a more alkalic shell (TROGER). A few crystals exhibit 


twinning parallel (o10). The pyroxen ought to be classed as a sodic augitic 
diopside. 
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Fig. 2. Phenocryst of pyroxene with hour-glass structure. 


Table IV 
Period | 2Vy | cly 
NGhos Nseccre. Disp. | Pleochroism 
| Ampl. | M.V. ee Ampl. | M.V. Eas 

I 59°—67° | 64° Om a5e aay 8 @>v |a=very pale 
yellowish green, 

II and III | 55°-66° | 61° 16 Ae Aion ATS 15 @>wv |y=very pale 
green 


Il. Discussion 


According to P. NiccLi (1941), in an ideal ternary system Or-Ab-An at 
constant temperature and pressure, the series of lines of coexistence (Koexi- 
stenzgeraden) connecting the alkali feldspar with the corresponding plagioclase 
in stable equilibrium (each line representative of the respective magma com- 
position) group themselves in a characteristic pattern, the lines being parallel, 
converging or diverging depending on the physical conditions and the chemi- 
cal composition of the magma. Provided K, Na, and Ca enter only in the 
feldspars and eventual foids, then the point denoting the composition of the 
rock, expressed by the relation Or: Ab: An, should fall on the line of feld- 
spar coexistence of the rock, on condition that perfect equilibrium is obtained. 

In the present case, it is doubtful whether the latter condition 1s realized. 
If, none the less, the chemical data of the feldspars and the rocks are plot- 
ted in the Ne-Kp-Cal diagram according to Niccui (Fig. 3), the inclination 
of the lines of feldspar coexistence assumes a trend similar to that in rocks 
of the calc-alkalic suite as exemplified by Fig. 5 in NIGGLI’s paper, converg- 
ing towards the region of medium sodic sanidines. ‘The composition points 
of the rocks fall, however, outside the corresponding lines of feldspar coexist- 
ence in the Phlegrean obsidians. 

According to T. W. BarTH (1951, 1956), the composition of the coexisting 
feldspars in a volcanic rock is largely a function of the temperature of crys- 
tallization. The feldspar molecules Or, Ab, and An usually will form two 
phases, corresponding to the two series of solid solutions: Ab in An and Ab 
in Or, resp., the relation (mol. of Ab in Or) /(mol. of Ab in An) being con- 
stant (k’) at fixed T and P according to the law of distribution of NERNsT, 
provided equilibrium has been established and the substance dissolved is in 
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Or 


Ab An 


Fig. 3. Feldspar coexistence graph of the Phlegrean feldspars. 


the same molecular state in both phases. BarTH, contrary to NIGGLI, is of 
the opinion that the chemical environment has little effect on the sodium 
distribution ratio. 

In a graph (1956, Fig. 9) BartH has arranged the k’-values of a number 
of analyses of coexistent alkali-feldspars and plagioclases in various effusive 
and intrusive rocks according to decreasing temperature of crystallization as 
indicated by their geological relations. As emphasized by Bartu, the k’-value 
is a function not only of the temperature but also of the degree of lattice 
disorder in the feldspar and, to some extent, the chemical composition. Within 
the low temperature region, the graph is constructed to follow the micro- 
cline/plagioclase line, at moderate temperature the orthoclase/plagioclase line, 
and at high temperatures the sanidine/high plagioclase line; the average curve, 


Table V 
Period Mol. % | Mol. % Rarth | Niggli 
De Lo-| Spec. | Ab in Ab in k’ >| R-value 
Be temp.C 
renzo plag. sanidine of lava 
I 32 61 34 0.55 820° 0.42 
11b 63 ZG 0.58 850° 0.44 
11a 60 34 0.57 830° 0.42 
II 10a 42 25 (0.51) | (760°) 0.62 
33 43-50 21 (0.47) | (730°) | 0.62 
21 42-47 17 (0.38) | (640°) 
Ill 16 43 NG) (0.40) | (670°) 0.59 


14 46-34 18 (0.45) | (710°) | 0.58 
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Mol. % Na40 


7.00 


6.00 


5.00 


4.00 


3.00 


1.00 


0.1 0.2 0.3 0.4 0.5 0.6  k’ (Barth) 


Fig. 4. Position of the Phlegrean feldspars in the sodium quotient graph 
of H. WINKLER & H.v. PLATEN 1958. 


thus obtained, is provisional and is referred to by BarTH as the ‘‘1956 values 
for the feldspar crystallization temperatures’’. 

According to this graph, the albite distribution ratio of the Phlegrean lavas 
would correspond to the temperatures given in Table V. 

Professor BARTH, who has kindly commented upon these results on my 
request, emphasizes the importance of the zonal structure in the feldspars 
in the lavas of the 2nd and 3rd periods where zoning is markedly in evi- 
dence not only in the plagioclase but, as much so, also in the sanidine. 
“Thus, the sanidine composition used for the calculation of the temperatures 
is an average composition which does not represent an equilibrium relation- 
ship to an average plagioclase composition. I don’t believe it is possible to 
state anything about the temperatures (or the k’-values) of the feldspars of 
the 2nd and 3rd periods” (letter of 8/1 1959, translated by the present author). 
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Another peculiar fact, also stressed by professor BarTu, is that in spite 
of the position of the rock analyses well inside the leucite field in the foid- 
feldspar diagram of SCHAIRER (1950), sanidine crystallizes, and the sanidine 
of the I Period appears lower on the crystallization curve than the sanidines 
of the Second and Third periods, indicating different environmental condi- 
tions in the two groups of lavas. 

Recently, the distribution of the Ab component on the feldspars has been 
studied experimentally by H. WINKLER and H. von PLaTEN (1958) in hydro- 
thermal systems at 2000 atm. and temperatures between 620° and 720°C. 
They found that a linear relation exists between the quotient k’ and the 
amount of Na,O used for the formation of feldspars in the melt and, thus, 
the composition of the associated feldspars is, on the first hand, a function 
of the chemical composition of the rock. 

Turning again to the data of Table V it is evident that the values ob- 
tained group themselves into two series: one characterized by k’-values about 
0.57, all members of which belong to the First Phlegrean period; the other 
series is characterized by more variable k’-values which fluctuate between 
0.38 and 0.51, comprising obsidians of the Second and Third periods. The 
tendency to lower k’-values in the feldspar of the latter periods as compared 
with those of the First period, although the former must be very approxi- 
mate, is obvious. This disconformity in the series of k’-values coincides with 
the rather marked difference in the content of sodium in the obsidians of 
the first group as compared with those of the second group, which is reflected 
in the Niggli k-values of the obsidians. Plotting the average Na,O mol. % 
and the average k’-values of the obsidians and associated feldspars of each 
of the two groups in the graph of WINKLER and v. PLaTEN, the points fall 
rather near the linear extension of the graph (Fig. 4). Therefore we cannot 
disregard the possibility that the lowering of the feldspar distribution ratio 
in the Phlegrean obsidians of the Second and Third periods may be due 
largely to the chemical factor. 
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